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CLONING

Three times

Stratagene’s newly improved ElectroTen-Blue® electrocompetent cells*

offer the highest available transformation efficiencies of >3.0x 10 cfu/ug

of supercoiled pUC DNA. The high efficiency electroporation (Hee) phenotype
improves the cell’s ability to take up large and ligated plasmids. High efficiency,

ease-of-use, and the Hee phenotype make ElectroTen-Blue electrocompetent cells

more competent than the competition.

ElectroTen-Blue® cells give you the highest efficiency competent cells available.

6x10%

5x10%

4x10°

3x10°

cfulpg DNA

2x10%

1x10°

0x10°

ideal for your most demanding cloning applications.

Need More Information? Give Us A Call:

Stratagene USA and Canada
Order: (800) 424-5444 x3
Technical Services: (800) 894-1304

Stratagene Europe
Order: 00800-7000-7000
Technical Services: 00800-7400-7400

Stratagene Japan KK.
Order: 03-5159-2060
Technical Services: 03-5159-2070

Iwww.stratagene.conj

TEAM LING - LIVe, Informative, Non-cost and cenuine !

We compared transformation efficiencies across several lots of
ElectroTen-Blue® electroporation-competent cells and one lot of com-
petitor cells. Consistent lot to lot results ensure success in all of your
cloning projects.

Ask Us About These Great Products:

ElectroTen-Blue® Electroporation-Competent Cells 5 x 0.1-ml

*U.S. Patent Nos. 6,635,457, 6,586,249, 6,338,965, 6,040,184 and patents pending.

High Transformation Efficiency
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Custom Genomic Analysis

DNA Sequencing Services

SNP Discovery

cDNA sequencing

Primer walking

Resequencing/Variant Discovery

High throughput sequencing

Custom Genomic Services

Gene synthesis

Quantitative PCR

Subcloning

PCR

Genomic shotgun library construction

BAC library construction

DNA Sequencing Services

SNP Discovery/Resequencing/
Variant Discovery

$0.01 per base,

per direction
High throughput sequencing $5 per reaction
cDNA sequencing $5 per reaction

S.A.G.E. sequencing $5 per reaction

POLYMORPHIC

———® Polymorphic DNA Technologies, Inc:

[www.polymorphicdna.com
[info@polymorphicdna.co

1125 Atlantic Ave., Ste. 102
Alameda, CA 94501

For research use only. © Polymorphic DNA Technologies, 2005

TEAM LING - LIVe, Informativ

S.A.G.E. sequencing

Whole genome sequencing

Mutagenesis

cDNA library construction

Nucleic acid extraction/purification

Genotyping

Whole genome scanning

Custom Genomic Services
Custom Gene synthesis

PCR

Real Time PCR

Whole genome scanning

$1 per base pair

$1 per amplicon

$500 per assay

$5 per locus, per sample
Nucleic acid extraction/

purification $2.50 per mini-prep
Mutagenesis $400 any mutation within 5 bp frame
Subcloning $400 per clone

Library construction:
Genomic, cDNA, BAC

888.362.0888

Please inquire for pricing

gﬂﬂﬁﬁmmm%ase visit
www.polymorphicdna.co
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GE Healthcare O NiSepharose” |

4% greater binding capacity |

in histidine-tagged
protein purification

Ni Sepharose™ products from GE Healthcare give you the highest binding

capacity available for histidine-tagged protein purification. With up to four times
the binding capacity, it's no longer pure imagination to dramatically increase your
yield, while saving time and costs. Maximum target protein activity is assured,
thanks to tolerance of a wide range of additives and negligible nickel ion leakage.
The flexibility to use a variety of protocols ensures the highest possible purity.

Ni Sepharose 6 FF is excellent for manual procedures such as gravity/batch and
easy scale-up, while the HP version is designed for high-performance in automated
purification systems - both are available in different formats, including prepacked
columns. Outstanding performance has never been easier to achieve.

Wwww.amershambiosciences.com/hig|

imagination at work
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© 2005 General Electric Company - All rights reserved.
Amersham Biosciences AB, a General Electric company
going to market as GE Healthcare.

GE10-05
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INTRODUCTION 818
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NEws
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Grid Sport: Competitive Crunching

813  Pata-Bots Chart the Internef

VIEWPOINTS
814  [Bervice-Oriented Science

I. Foster

DEPARTMENTS

751

753

757 DITORIAL by Edward D. Lazowska an
David A. Patterson
An Endless Frontier Postponed
related Distributed Computing section
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771 ASTRONOM
Picture-Perfect Planet on Course for the
History Books

773 OMPUTING
IBM Offers Free Number Crunching for
Humanitarian Research Projects related
Distributed Computing section

Computers processing data for the Oxford University project [ClimatePrediction.net|
(see page 810Q). Scientific computing ventures in fields as varied as number theory,
genomics, and particle physics have asked people to donate their computers’ spare
CPU cycles to create a virtual machine that dwarfs the top supercomputers. [Image:
Chris Valentine/hockeyphotos.com; Martin Dzbor/KMi, Open University]

Related Editorial bage 754; News story page 773

For related online content in STKE,

see page 751 or go to
www.sciencemagq.orqg/sciext/computers/

773
774

774 UROPEAN PoLic
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775 ENOMICS
Celera to End Subscriptions and Give Data

to Public GenBank
777

d

U.S. Lawmakers Call for New Earth Science
Strategy

777 DEPARTMENT OF ENERGY|
Two-Thirds of Senate Backs More Research
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[Cyberinfrastructure for e-Sciencg
T. Hey and A. E. Trefethen

Cyberinfrastructure: Empowering a "Third Way" in

Biomedical Research

K. H. Buetow

News Focus

778
The Dark Side of Glia

782
Embryologists Polarized Over Early Cell Fate
Determination
785
Electronic Paper: A Revolution About to Unfold?
Shrinking Dimensions Spur Research Into Ever-Slimmer
Batteries
787 [ATMosPHERIC SciEnc]
Changes in the Sun May Sway the Tropical
Monsoon
related Report page 854
788

LETTERS

791  [alling on Scientists to Fight Budget Cuts B. Gordon]
Establishing Indicators for Biodiversity /. Brauer;
B. Czech et al. Response A. P. Dobson et al. Memo to
NAGSA: Finish What You Start C. /. Robinove. The End
of a Chilean Institute L. Barbeito et al.

BOOKS ET AL.

794
The Goddess and the Bull Catalhdyiik: An
Archaeological Journey to the Dawn of Civilization
M. Balter, reviewed by S. Mithen

795 ota Bene on The Cartoon Guide to Chemistr

EssAy

796 |IGLOBAL VOICES OF SCIENCH
Pleistocene Park: Return of the
Mammoth'’s Ecosystem
S.A. Zimov

YEARS OF GLOBAL

Science

PERSPECTIVES
799
Attractors in Memory
B. Poucet and E. Save
related Report page 873

745
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Integrated Solutions — Automated Nucleic Acid Prep

A new generation of lab automation,

as easy as A, B, C!

A: Insert an EZ1 Card containing the
appropriate nucleic acid
purification protocol.

B: Set up processing quickly and
safely using prefilled and sealed
reagent cartridges.

C: Complete automation; from
opening reagent cartridges to
elution of highly pure nucleic acids.

The BioRobot® EZ1 purifies DNA, RNA, or viral nucleic acids from clinical and pathology

samples for a range of sensitive downstream applications.
The BioRobot EZ1 system offers:

B Safe and simple operation — easily set protocols using pre-programmed EZ1 Cards and
quickly set up processing with pre-sealed reagent cartridges

B Reliable and flexible purification — get high-quality genomic and viral nucleic acids from
various sample fypes, such as blood, tissues, swabs, and paraffin-embedded sections

B Rapid results — purify 1 to 6 samples in 15-20 minutes

B Affordable, slimline automation — save space with the small footprint and no external PC

Discover the benefits of walkaway nucleic acid purification at

M.giagen.com /goto/EZ1 | !

Trademarks: QIAGEN®, BioRobot® (QIAGEN Group). The BioRobot EZ1 and EZ1 Kits are general-purpose devices. No claim or representation is intended for their use
in identifying any specific organism or for a specific clinical use. Both may be used in clinical diagnostic laboratory systems after the laboratory has validated their com- QIAGEN
plete system as required by CLIA '88 regulations in the U.S. or equivalents in other countries. CRFEZ10505S1WW 05/2005 © 2005 QIAGEN, all rights reserved.
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Science

PERSPECTIVES CONTINUED

Matching at the Synapse S. M. Thompson related Report page 863

Wnt Signaling Glows with RNAi E. R. Fearon and K. M. Cadigan  related STKE Connections Map Overview
Research Article
Stanley Joel Korsmeyer (1950-2005) T. /. Ley

Air Pollution—Related Illness: Effects of Particles A. Nel

[ATMosPHERIC SciEncy
In Search of Balance R.J. Charlson, F. P. J. Valero, J. H. Seinfeld related Brevia page 825] Reports paged

EZ}and B2]

The Paradox of Mantle Redox C. McCammon

SCIENCE EXPRESS [www.sciencexpress.org|
MicrosioLoGy: Community Proteomics of a Natural Microbial Biofilm
R.J. Ram et al.

Analysis of 2033 proteins from the five predominant microbes in an acid mine drainage biofilm reveal
many proteins involved in protein refolding and response to oxidative stress.

MepiciNE: Extension of Murine Life Span by Overexpression of Catalase Targeted to Mitochondria
S. E. Schriner et al.
In mice, expression of extra copies of an antioxidase enzyme in mitochondria reduces age-related decline
and prolongs life span.
MepiciNE: A Mutation in the TRPC6 Cation Channel Causes Familial Focal Segmental
Glomerulosclerosis
M. P. Winn et al.

An inherited form of a life-threatening kidney disorder is caused by a defect in a membrane protein thought
to regulate calcium entry into cells.

CHEMIsTRY: The Rotational Spectrum and Structure of the HOOO Radical

K. Suma, Y. Sumiyoshi, Y. Endo

Spectrometry shows that the HOOO radical is Z-shaped, not a cis-structure as had been thought, providing a
signature to look for this potentially important species in the atmosphere.

TeECcHNICAL COMMENT ABSTRACTS

Comment on “Energetics of Hydrogen Bond Network Rearrangements in Liquid Water”
A. Nilsson et al.

full text atlwww.sciencemag.org/cgi/content/full/308/5723/7934

Response to Comment on “Energetics of Hydrogen Bond Network Rearrangements in
Liquid Water”

J. D. Smith, C. D. Cappa, B. M. Messer, R. C. Cohen, R. J. Saykally

full text atlwww sclencemag.org/cgi/content/ ull/308/5723/793b]

BREVIA
[ATMospHERIC SciEnce: Changes in Earth's Albedo Measured by Satellitd
B. A. Wielicki, T. Wong, N. Loeb, P. Minnis, K. Priestley, R. Kandel

Satellite observations fail to confirm the recent suggestion that, since 2001, Earth has reflected more
incident sunlight. related Perspective bage 808; Reports bages 844 and

RESEARCH ARTICLES

[CELL SIGNALING: Functional Genomic Analysis of the Wnt-Wingless Signaling Pathway|

R. DasGupta, A. Kaykas, R. T. Moon, N. Perrimon
A genome-scale screen in flies turns up hundreds of new components in a key developmental signaling
pathway, many of which appear relevant to cellular regulation and disease in vertebrates as well. related STKE
Connections Map Overview page 757; Perspective page 807

DEVELOPMENTAL BioLoGY: MicroRNAs Regulate Brain Morphogenesis in Zebrafish

A. J. Giraldez et al.

In zebrafish, small, noncoding RNAs are necessary for proper segmentation and morphogenesis of the brain Eontents continued
and heart.

TEAM LING - LIVe, Informative, Non-cost and cenuine !
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Chemicon & Upstate

We are focused on delivering creative solutions for research in a variety of areas — neuroscience, apoptosis, signal transduction, stem
cell biology, drug discovery, cancer and other disease states. We offer thousands of innovative products that can be combined and
customized to suit your needs, along with the expertise and support to help you achieve your research goals. We are committed to
being your antibody, research reagent, and drug discovery partner of choice. Chemicon and Upstate — see what we can do for you.

/(/K
upstate. ¥/, CHEMICON"

cell signaling solutions INTERNATIONAL

a Serologicals® Company a Serologicals® Company
USA USA Europe Australia
800 233 3991 8004377500 44 (0) 2380262233 03 9839 2000
[www.upstate.com| www.chemicon.com|
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http://www.Chemicon.com
http://www.Upstate.com

REPORTS

838  [AppLiED PHysics: The Optical Resonances in Carbon Nanotubes Arise from Excitong
F. Wang, G. Dukovic, L. E. Brus, T. F. Heinz
Spectroscopic measurements confirm that light absorption by single-walled carbon nanotubes produces
strongly correlated electron-hole pairs.

841 |GEOCHEMISTRY: Zircon Thermometer Reveals Minimum Melting Conditions on Earliest EartH
E. B. Watson and T. M. Harrison
The titanium content of Earth’s oldest minerals, zircons that crystallized soon after the Earth formed, implies
that the magmas then were water-rich and no hotter than those of today.
844  [CHemisTRyY: An Octane-Fueled Solid Oxide Fuel Cell
Z.Zhan and S. A. Barnett

Adding a cerium and ruthenium oxide layer over the nickel anode of a high-temperature fuel cell that consumes
hydrocarbons prevents deposition of potentially deactivating carbon layers.

ATMOSPHERIC SCIENCE
847  From Dimming to Brightening: Decadal Changes in Solar Radiation at Earth's Surfacq
M. Wild et al.
850 Do Satellites Detect Trends in Surface Solar Radiation?
R.T. Pinker, B. Zhang, E. G. Dutton
Independent satellite and ground-based observations show that the amount of sunlight reaching the Earth’s
surface has increased since about 1990. related Perspective bage 809; Brevia page 823
854  [ATMospHERIC SciEncE: The Holocene Asian Monsoon: Links to Solar Changes and NortH
Atlantic Climate
Y. Wang, H. Cheng, R. L. Edwards, Y. He, X. Kong, Z. An, J. Wu, M. J. Kelly, C. A. Dykoski, X. Li
A climate record from a stalagmite in a cave in China shows that, over the past 9000 years, the strength of
the Asian monsoon responded rapidly to changes in solar activity. related News story page 787
857  BiocHemisTRY: Computational Thermostabilization of an Enzymd
A. Korkegian, M. E. Black, D. Baker, B. L. Stoddard
A computational approach that should be generally applicable predicts mutations that increase an enzyme’s
half-life 30-fold without reducing its catalytic efficiency.
860  [EcoLocy: Swimming Against the Flow: A Mechanism of Zooplankton Aggregation
A. Genin, J. S. Jaffe, R. Reef, C. Richter, P. J. S. Franks

Sonar tracking of individual zooplankton reveals that they swim rapidly against upwelling or downwelling
currents to form dense accumulations available to marine predators.

863  NEeuroscience: Target Cell-Dependent Normalization of Transmitter Release at Neocortical
Synapses
H. J. Koester and D. Johnston
All synapses between one cortical neuron and any particular target cell have the same calcium response and
release probability, indicating that the target cell specifies the synapse type. related Perspective page 804
866  MicrosioLocy: Nicotinic Acid Limitation Regulates Silencing of Candida Adhesins During UT|
R. Domergue et al.

Low vitamin B3 concentrations in the urinary tract allow a yeast pathogen to synthesize an adhesion protein
and thereby infect the epithelium.

870  [CeLL BioLogy: A Synaptonemal Complex Protein Promotes Homology-Independent
Centromere Coupling
T. Tsubouchi and G. S. Roeder
Chromosomes pair up in meiosis by trial and error, pairing with any chromosome until they find their homolog.

873 INEUROSCIENCE: Attractor Dynamics in the Hippocampal Representation of the Local
Environment
T. J. Wills, C. Lever, F. Cacucci, N. Burgess, J. O’Keefe

Neurons in the hippocampus code smooth changes in the shape of a room by an abrupt change from a
firing pattern characteristic of one distinct shape category to another. related Perspective page 799
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Revealing the Future of Electrophoresis.

Whether you work with RNA or proteins, Bio-Rad’s new automated Experion™ system
will change the way you look at electrophoresis.

The Experion automated electrophoresis system is a powerful,
compact, and affordable separation and analysis system that
applies microfluidic technology to reinvent the way that you

perform one-dimensional electrophoresis. The Experion system
transforms the way you obtain your data through:

= Automated separation, detection, and analysis

= High resolution and sensitivity comparable to mini-gel results

= Fast, 30 minute batch runs of 10-12 samples

= Single-step sizing and quantitation

= Familiar data formats — electropherograms, gel views, and tables

= Minimal sample and reagent requirements

For more information, visit us on the Web at jwww.bio-rad.com/ad/experion

Visit us on the Web at
Call toll free at 1-800-4BIORAD (1-800-424-6723);

outside the US, contaclngRMdamiBaek MEgdanformative, Non-cost and cenuine !
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sciencenow [www.sciencenow.org Daily News COVERAGE = :
Bad Backs May Be Genetic www.scienceonline.or

Scientists link gene to lumbar disk disease.

Holy Stromboli!
Volcano's eruptions may help scientists predict the behavior of molten mountains.

Salty Fingers Do the Mixing
Structures stir the ocean like a fine cocktail.

science’s next wave [www.nextwave.org| CAREER RESOURCES FOR YOUNG SCIENTISTS

EuropE: Science in a Challenging Environment—The Physics of the Underground World
E. Pain
With the development of new techniques, a whole new world is opening for future cave exploration.

CANADA: Postdoc Fellowships in Industry A. Fazekas
The Natural Sciences and Engineering Research Council offers young scientists opportunities in industry.

MiScINEeT: Timbuktu Academy—Mentoring Future Scientists C. Parks
Southern University offers science and engineering students the support they need to be successful in
graduate school.
Careers in caves. Postpoc Network: Three Reports Tackle the Postdoc Mess B. Benderly
The plight of early-career scientists has come under exceptional scrutiny in recent weeks.
GRANTSNET: May 2005 Funding News Next Wave Staff
Get the latest index of research funding, scholarships, fellowships, and internships.

science’s sage ke SCIENCE OF AGING KNOWLEDGE ENVIRONMENT

PersPECTIVE: Carnosine—A Versatile Antioxidant and Antiglycating Agent V. P. Reddy,
M. R. Garrett, G. Perry, M. A. Smith
Will carnosine come of AGE as a therapeutic agent for diseases involving oxidative damage?

NEws Focus: Good As New M. Leslie ;
Researchers uncover genetic instructions for remaking worm body. Regenerating genes.

Cuassic PAPEr: Oxygen Poisoning and X-irradiation—A Mechanism in Common

R. Gerschman, D. L. Gilbert, S. W. Nye, P. Dwyer, W. O. Fenn
Science 119, 623 (1954).

science'’s stke SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT

Related Distributed Computing section

P> PerspecTIVE: Text Mining for Metabolic Pathways, Signaling Cascades, and Protein Networks
R. Hoffmann, M. Krallinger, E. Andres, J. Tamames, C. Blaschke, A. Valencia
Automatically extracting meaning is still a tricky process.
p> PersPecTIVE: A Life Science Semantic Web—Are We There Yet? E. Neumann

An enhanced “next generation” of the World Wide Web may better serve biologists for information
management.

CONNECTIONS MAP OVERVIEW: Drosophila Wnt/Fz Pathways R. DasGupta, M. Boutros, N. Perrimon

New data lead to additions to this signaling pathway that is important in fly development. related
Perspective Research Article

Extracting information
algorithmically.

Separate individual or institutional subscriptions to these products may be required for full-text access.

GrantsNet AlIDScience Members Only! Functional Genomics
RESEARCH FUNDING DATABASE HIV PREVENTION & VACCINE RESEARCH AAAS ONLINE COMMUNITY NEWs, RESEARCH, RESOURCES
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Advancing RNAIi Technology.

Dharmacon...the world's most trusted siRNA resource

+ The largest and most referenced siRNA supplier
+ Target any unique human, mouse or rat gene

+ Highest level of guaranteed silencing available
« Innovative technologies to enhance specificity

+ Breakthrough siRNA transfection reagents

+ Expert technical support

Leading RNAI researchers count on Dharmacon's
state-of-the-art SMARTselection™ and
SMARTpool® technologies for potent and
specific gene silencing. Four individual siRNAs
and a SMARTpool siRNA reagent are available
for over 66,000 unique human, mouse, and rat
genes - each with the industry's best
performance guarantee and backed by our
expert technical support. Simply use our on-
line sSiIGENOME™ search tool to identify the
siRNA reagents for your target gene.

No wonder Dharmacon is the most frequently
referenced siRNA supplier in peer-reviewed journals!

Want to know more about RNAi?

Visit our website to request your FREE
copy of the RNAi Technical Reference
& Application Guide today.

www.dharmacon.com
Tel: 303-604-9499 or 800-235-9880 &ax: 303-604-9680

© Dharmacon, lii¢ , 0C5
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For European offices and distributors,
please visit www.perbio.com

PERBIO



http://www.dharmacon.com
http://www.perbio.com

CREDITS (TOP TO BOTTOM): GIRALDEZ ETAL., WILD ETAL.

Excitons Prevail

When a material is confined to one dimension, its electronic
band structure can exhibit features termed van Hove singulari-
ties, which have been invoked to explain the sharp absorption
spectra in materials such as single-walled carbon nanotubes
(SWNTs). This model predicts a sealike photoexcited state of
free electrons and holes. Recently, however, support has
emerged for an exciton picture, in which light absorption creates
excited electrons that remain strongly correlated with the posi-
tive holes left behind. Wang et al. (p.838) present firm evidence
for the exciton model in
isolated SWNTs. Their ex-
periment takes advantage
of the selection rules that
exciton creation imposes
on one- versus two-photon
absorption. The two-pho-
ton spectra are consistent
with  exciton-binding
strengths near 0.5 electron
volt, which are much high-
er than in bulk semicon-
ductors.

Splicing Dicer

Small noncoding microRNAs (miRNAs) are
potential regulators of gene function and
develop-

have been shown to affect specific
mental processes in inverte-
brates. Null alleles of Dicer, a
key enzyme in the pro-
duction of miRNAs, are
embryonic lethal in
fish and mice. Gi-

raldez et al. (p. 833

published online 17

March 2005) elimi-

nated mature miRNAs
in zebrafish by remov-
ing maternal and zygotic
Dicer. These embryos show
no overt abnormalities in pat-
terning and cell fate specification

Implications of
Sunny Days

Many studies have report-
ed direct or indirect evi-
dence of a significant de-
crease in insolation (S), the
amount of solar radiation
reaching Earth's surface,
during most of the past 40
years. How much § has var-
ied, and why it may have
changed, is poorly under-
stood. Pinker et al. (p_850]
see the Perspective by Charlson et al. and the related Brevia by
Wielicki et al.) analyzed satellite records of S for the period
from 1983 to 2001 and concluded that while there was a de-
crease in the earlier part of the record, the negative trend re-
versed around 1990 and was followed by an even larger in-
crease. The recent upward trend is corroborated by Wild et al.
(b—847), who examined a large set of surface-based measure-
ments of S starting in 1990. This dimming and subsequent
brightening could have resulted from changes in cloud cover-
age, the abundance of atmospheric aerosols, or atmospheric
transparency after explosive volcanic eruptions. Changes in in-
solation appear in numerous paleorecords from both high and
low latitudes, but not
all parts of the world
responded concur-
rently. The differences
in the nature and
timing of their re-
sponses are thought
to be important clues
to the mechanisms
that cause that asyn-

cued brain morphogenesis.

but display severe defects in morphogenesis,
particularly of the brain. Injection of a family
of developmentally regulated miRNAs res-

edited by Stella Hurtley and Phil Szuromi

chrony. Wang et al. (p. 854; see the news story by Kerr) pre-
sent a precisely dated record of oxygen isotope variations in a
stalagmite from Dongge Cave, China, which they interpret as a
proxy for Asian Monsoon intensity. Their data, which extend
back 9000 years to near the beginning of the Holocene, reveal
important correlations between the strength of the monsoon
and changes in solar output. They also discuss how the Dongge
Cave record is related to climate records from Greenland, and
implications for the mechanisms that have controlled the Asian
Monsoon.

A Reductionist Approach in
Gene Screening

Cellular signaling pathways, such as Wnt in verte-
brates or Wingless in flies, have traditionally been
pieced together one step at a time. Technical ad-
vances now allow a more thorough probing of the
genes whose products contribute to such a reg-
ulatory system. DasGupta et al. (p_82§, pub-
lished online 7 April 2005; see the Perspec-
tive by Fearon and Cadigan and connec-
tion maps of the signaling pathways at
Science’s STKE linked to the online paper)
designed a high-throughput screen in
Drosophila cells that evaluated effects on
Wingless signaling when expression of
nearly every gene (about 22,000 of them)
was decreased, one by one, by RNA interfer-
ence. The 238 genes identified included about
15 known components of the signaling pathway.
The remaining group comprised approximately
equal numbers of genes with known functions not
previously associated with Wingless signaling. Half
of the implicated genes appear to have orthologs in
humans, and a substantial proportion of these hu-
man genes show mutations linked to disease.

Not Going with the Flow

Tiny zooplankton reside in the ocean at constant depth, despite
the movement of currents. Genin et al. (p_860) show that these
organisms maintain their position by swimming against up-
welling or downwelling currents at speeds of up to
10 body lengths per second. High-frequency, multibeam sonar
was used to track more than 300,000 individual zooplankters.
Combining these field measurements with a simulation model,
the authors show that this behavior creates the dense zooplank-
ton accumulations that become feeding grounds.

Maintaining Magma Temperatures

Earth’s oldest rocks date to only about 4 billion years ago, but a
few of these contain recycled zircons. These minerals formed in
even earlier magmas, dating back to 4.4 billion years ago, or
nearly the age of the Earth, and provide clues about Earth’s ear-
liest environment. Watson and Harrison (p.847) have devel-
oped a means to probe the temperature of magmas from the
titanium content of zircons and calibrated this thermometer

CONTINUED ON
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Efficiency Efficiency

Without correction correction with
efficiency with linear non-linear
correction fit function fit function

Calibrator-normalized target/housekeeping ratios
40 ng 1.03 1.18 1.41
8ng 221 1.79 1.01
1.6 ng 6.00 417 117
Mean 3.08 2.38 1.21
S.D. 2.60 1.58 0.22
C.V. 84.3% 66.4% 18.0%

Figure 1: Impact of different PCR efficiency adjustments
on accuracy of relative quantification. Total RNA was
used for quantitative RT-PCR on the LightCycler® System.
Sample data were evaluated with the LightCycler Relative
Quantification Software, using the efficiency correction
functions described above, to generate calibrator-normalized
target/housekeeping ratios. The significantly lower Coefficient
of Variation (C.V.) demonstrates the greater accuracy made
possible by the LightCycler Software’s use of efficiency
corrections and a non-linear fit function.

LIGHTCYCLER is a trademark of Roche.

The technology used for the LightCycler® System is licensed
from Idaho Technology, Inc., Salt Lake City, UT, USA.

Roche Applied Science
LightCycler® Real-Time PCR System

Insist on More Accurate

Quantification of Gene Expression

Quantify more accurately with the LightCycler” Instrument

B Cycle faster to minimize non-specific products that may overestimate
copy numbers.

B Analyze all samples in the same thermal chamber to ensure
temperature homogeneity and consistent PCR efficiencies.

Analyze data more accurately with LightCycler® Relative
Quantification Software

B Use calibrator normalization to ensure consistency between PCR runs.

B Within runs, rely on an efficiency-correction feature that accounts for
differences in PCR efficiencies between target and reference genes.

B Obtain sample concentrations from non-linear standard curves to
more precisely quantify low-copy genes, which often suffer from non-
linear PCR efficiencies (Figure 1).

Shouldn’t accurate quantification be the primary goal of gene
expression studies? Contact your Roche Applied Science representative
and visit [www.lightcycler-online.com|today!

Roche Diagnostics GmbH
Roche Applied Science
68298 Mannheim
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using both laboratory data and study of magmas with known or independently cali-
brated temperatures. They find that magmas that are more water-rich tend to be
cooler. Application of this finding to these ancient zircons implies that they were
formed from magmas that were similar in temperature and water content to those
today. Thus, the nascent Earth may have been generating granitic magmas that were
no hotter than those today.

Some Like It Hot

The efficiency of enzymes makes them attractive catalysts in industrial reactions.
However, in many industrial applications the enzymes must operate at elevated tem-
peratures, and designing active thermostable enzymes that maintain dynamic motions
important for function is a challenge. Korkegian et al. (p.857) have used a computa-
tional approach to identify three mutations that significantly stabilize the enzyme cy-
tosine deaminase (CD) without reducing its catalytic efficiency. CD is a demanding
model system because it forms an active dimer and displays complex folding behavior.
Bacteria expressing the redesigned enzyme showed increased, temperature-dependent
growth under conditions where an active enzyme would be required.

Reforming Fuel Cells

The hydrogen for fuel cells, at least in the near term, will come ultimately from the hydro-
gen available in hydrocarbon sources through a process called reforming. This process re-
quires heat, so if this step can be completed “on board” a vehicle, it can take advantage of
the heat provided by the fuel cell reaction to increase efficiency. However, the solid-oxide
membrane fuel cells that can process hydrocarbons in this way have nickel anodes that
tend to be deactivated by “coking,” the depositing of unreacted carbon. Zhan and Barnett
(p-844, published online 31 March 2005) describe the preparation and operation of solid
oxide fuel cells with a reformer layer (CeO,/RuO,) placed over the anode to produce CO
and H, before the iso-octane fuel can reach the anode. They achieve power densities of 0.3
to 0.6 watt per square centimeter.

Swapping Partners for Perfect Pairing

Meiosis is the special “double” cell division in eukaryotes that results in the formation
of haploid (germ) cells from diploid parent cells. Homologous chromosomes must pair
during the first division so that they can be segregated equally between the two
daughter cells. Tsubouchi and Roeder (pb. 870) now show that, against expectations,
initially nonhomologous pairs of chromosomes form during meiosis. Nonhomologous
pairs are then resolved into homologous pairs as meiosis progresses, ensuring the cor-
rect segregation of chromosomes.

Spatial Memory Maps [=] (o0 [e] e :
Attractor networks have been the major hy- @

pothesis for the neural mechanism of mem- “ & n 0 ‘ O
ory. When rats explore two similar environ-

ments, neurons called place cells learn to &> “ \u n o l a
distinguish between them (a process known il

as "remapping”’). Wills et al. (p-873 see the ) H ﬂ E @ G

Perspective by Poucet and Save) provide

evidence for coherent and complete transi-

tions from one (attractor) state to another under conditions when sensory inputs
change in a steady, incremental manner. Animals first explored two environments that
differed in color, texture, and odor, as well as shape and, after the cells had remapped,
were transferred to environments which varied along a single dimension (shape). The
place cell representations of intermediate-shaped environments evolved into the (at-
tractor) representations of either one or other initial shape: All simultaneously recorded
cells coherently changed their firing pattern as a function of the intermediate shape.
This direct evidence for the existence of attractor dynamics helps to provide a model for
the representation of distinct contexts in context-dependent memory.
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AVAILABILITY OF STANDARDIZED
PREPARATIONS OF MESENCHYMAL STEM
CELLS/MARROW STROMAL CELLS (MSCs)

The Center for Gene Therapy of Tulane University Health Science Center is pleased to offer research
investigators standardized preparations of the adult stem cells from bone marrow stroma referred to
as mesenchymal stem cells or marrow stromal cells (MSCs) under the auspices of a grant from the
National Center for Research Resources of the N.I.LH. The cells are provided for experimental purposes
and not for administration to human subjects or for any commercial purposes.

Frozen vials of Passage 1 (P1) cells from one preparation of human MSCs are currently available. The
cells are provided with (a) data from assays for infectious agents on blood of donors; (b) data developed
in preparing the frozen vials of P1 cells; and (c) data obtained in expanding duplicate vials of the cells
through two additional passages (to generate P2 and P3 cells). We will also provide our protocols
for culturing the cells from frozen vials. The human MSCs are provided with a handling charge of
$150 for 2 vials of about 1 million MSCs per vial. The Center can also provide (a) mouse MSCs
(P5) from wildtype C57/816 mice; (b) mouse MSCs (P5) from a transgenic C57 mouse ubiquitously
expressing green fluorescent protein (GFP); (c) rat MSCs from Lewis rats (P5); (d) human MSCs
(P3 or P4) transduced with a lentivirus to express GFP; and (e) human MSCs (P3 or P4) transduced
with a lentivirus to express red fluorescent protein in mitochondria (MitoRed). The rodent MSCs are
provided with a handling charge of $100 per vial of between 0.5 and 1 million cells. The handling
charge can be waived on request, but the investigator must bear all shipping costs. Please address
requests to Ms. Peggi Wolfe, Center for Gene Therapy, Tulane University Health Sciences Center,

1430 Tulane Avenue, SRR New QuieairtchhdNe2ndhipeidt avelfedrulage cdul
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An Endless Frontier Postponed

ext month, U.S. scientists Vinton G. Cerf and Robert E. Kahn will receive computing’s highest prize,

the A. M. Turing Award, from the Association for Computing Machinery. Their Transmission Control

Protocol (TCP), created in 1973, became the language of the Internet. Twenty years later, the Mosaic

Web browser gave the Internet its public face. TCP and Mosaic illustrate the nature of computer

science research, combining a quest for fundamental understanding with considerations of use. They

also illustrate the essential role of government-sponsored university-based research in producing the
ideas and people that drive innovation in information technology (IT).

Recent changes in the U.S. funding landscape have put this innovation pipeline at risk. The Defense Advanced
Research Projects Agency (DARPA) funded TCP. The shock of the Soviet satellite Sputnik in 1957 led to the creation
of the agency, which was charged with preventing future technological surprises. From its inception, DARPA funded
long-term nonclassified IT research in academia, even during several wars, to leverage all the best minds. Much of this
research was dual-use, with the results ultimately advancing military systems
and spurring the IT industry.

U.S. IT research grew largely under DARPA and the National Science
Foundation (NSF). NSF relied on peer review, whereas DARPA bet on vision and
reputation, complementary approaches that served the nation well. Over the past
4 decades, the resulting research has laid the foundation for the modern micro-
processor, the Internet, the graphical user interface, and single-user workstations.
It has also launched new fields such as computational science. Virtually every
aspect of IT that we rely on today bears the stamp of federally sponsored research.
A 2003 National Academies study provided 19 examples where such work
ultimately led to billion-dollar industries, an economic benefit that reaffirms
science advisor Vannevar Bush’s 1945 vision in Science: The Endless Frontier.

However, in the past 3 years, DARPA funding for IT research at universities
has dropped by nearly half. Policy changes at the agency, including increased
classification of research programs, increased restrictions on the participation
of noncitizens, and “go/no-go” reviews applied to research at 12- to 18-month
intervals, discourage participation by university researchers and signal a shift from pushing the leading edge to “bridging
the gap” between fundamental research and deployable technologies. In essence, NSF is now relied on to support the
long-term research needed to advance the IT field.

Other agencies have not stepped in. The Defense Science Board noted in a recent look at microchip research at the
Department of Defense (DOD): “[DARPA’s] withdrawal has created a vacuum . . . The problem, for DOD, the IT
industry, and the nation as a whole, is that no effective leadership structure has been substituted.” The Department of
Homeland Security, according to a recent report from the President’s Information Technology Advisory Committee,
spends less than 2% of its Science and Technology budget on cybersecurity, and only a small fraction of that on
research. NASA is downsizing computational science, and IT research budgets at the Department of Energy and the
National Institutes of Health are slated for cuts in the president’s fiscal year 2006 budget.

These changes, combined with the growth of the discipline, have placed a significant burden on NSE which is now
showing the strain. Last year, NSF supported 86% of federal obligations for fundamental research in IT at academic
institutions. The funding rate for competitive awards in the IT sector fell to 16%, the lowest of any directorate. Such low
success rates are harmful to the discipline and, ultimately, to the nation.*

At atime when global competitors are gaining the capacity and commitment to challenge U.S. high-tech leadership,
this changed landscape threatens to derail the extraordinarily productive interplay of academia, government, and industry
in IT. Given the importance of IT in enabling the new economy and in opening new areas of scientific discovery, we
simply cannot afford to cede leadership. Where will the next generation of groundbreaking innovations in IT arise?
Where will the Turing Awardees 30 years hence reside? Given current trends, the answers to both questions will likely be,
“not in the United States.”

Edward D. Lazowska and David A. Patterson

Edward D. Lazowska holds the Bill & Melinda Gates Chair in Computer Science & Engineering at the University of Washington. David
A. Patterson holds the E. H. and M. E. Pardee Chair of Computer Science at the University of California, Berkeley, and is president of the
Association for Computing Machinery. Both are members of the National Academy of Engineering and the President’s Information
Technology Advisory Committee, and past chairs of the Computing Research Association.

*The House Science Committee will consider these issues at a 12 May hearing on “The Future of Computer Science Research in the U.S.”
See|http://www.cra.org/research/

10.1126/science.1113963
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HIGHLIGHTS OF THE RECENT LITERATURE

OCEAN SCIENCE
Reduced Nitrogen

The growth of phytoplankton is limited by the loss
of fixed nitrogen from the world'’s oceans. This loss
occurs predominantly in zones of low oxygen (< 25
uM), such as the Black Sea, Chilean waters, and
the Benguela upwelling off the Namibian coast.
Classically, N, was thought to be produced by
denitrification—the reduction of nitrate to N, by
heterotrophic bacteria—but Kuypers et al. show
that a large contribution may come via the anam-
mox process: the anaerobic oxidation, carried out by

bacteria known as Planctomycetes, of ammonium
by nitrite. They present five corroborating strands of

evidence. First, concentrations of nitrate drop at the
bottom of the oxic zone; second, ammonium concentrations in the suboxic zone are low;
third, water samples doped with [°N]nitrate and ["*N]ammonium produced significant
amounts of *N"°N; fourth, ladderane lipids, characteristic of the anammoxosome membrane,
were present; fifth, fluorescence in situ hybridization and ribosomal RNA sequence analysis
revealed an abundance of Planctomycetes in the suboxic zone. One unknown is why there are
anammox bacteria in the Benguela upwelling at depths where there is free oxygen (9 uM).
Either these cells are quiescent, or there may be a suboxic microenvironment available, such as

marine snow.— CA

CELL BIOLOGY
A Mitotic RNP

The mitotic spindle is an
arrangement of cellular
microtubules that acts as

the physical scaffold used to
partition chromosomes into
the daughter cells during
mitosis. Blower et al. find that
an RNA-binding protein, Rae1,
already known to be involved
in the export of MRNA from
the nucleus during interphase,
also has arole in spindle
assembly. Rae1 was isolated
from Xenopus egg extracts as
an activity required for spindle
assembly. When it was

Rae1 (green) associates
with spindle and aster
microtubules (red).

TEAM LING - LIVe, Informative, Non-cost and cenuine !

EDITORS’ CHOICE

Location of the Benguela upwelling
(white box).

Proc. Natl. Acad. Sci. U.S.A. 102, 6478 (2005).

depleted from egg extracts

or from cells, mitotic spindle
assembly was inhibited, and
purified Rae1 stabilized micro-
tubules in the presence of its
nuclear import/export part-
ners, the small GTPase Ran
and importin (3. Rae1 appears
to be part of a large ribonucle-
oprotein (RNP) complex that
controls microtubule dynamics;
the association of RNA with
the mitotic spindle is unantici-
pated but appears to be due
to a structural requirement,
perhaps as a second kind of
scaffold. — SMH

Cell 121,223 (2005).

APPLIED PHYSICS
Nanoparticle Films

Anti-reflective coatings are
used in ophthalmic lenses,
solar cells, optical data storage,
and other applications in
which reflections hamper
device performance. Coatings
are usually applied expensively
via vacuum processes, and
recently developed sol-gel
methods still require multiple

steps, including a thermal or
chemical curing stage.
Krogman et al. have
developed a simple process
for applying anti-reflective
films by spin-coating polymer
substrates with metal oxide
nanoparticles. Ceria or silica
particles were added to water-
based solutions of a penta-
functional acrylate monomer
to increase or decrease the
refractive index, respectively,
and were then deposited onto
an acrylate substrate. In order
to make thin, strong, and
uniform films, the monomer
solutions were doped with a
second solvent to stabilize the
colloidal particles and to
enhance evaporation rates.
By varying the concentration
of nanoparticles, the authors
tuned the refractive indices of
the cured two-layer films and
were also able to adjust the
wavelength of minimum
reflection. The nanoparticles
hardened the films, too,
making the coatings more
resistant to wear. — MSL

Nanotechnology 16, $338 (2005).
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CHEMISTRY
Reactions That Float

Solvents are generally thought
to accelerate bimolecular
reactions by increasing the
mixing of the substrates and
by stabilizing key structural
changes along the pathway.
Both factors would seem to rely
on intimate contact between
the solvent and the reactants.
For over a half-century, water
has been known to accelerate
some organic coupling
reactions, such as Diels-Alder
cyclization, but the effect has
remained largely unexploited
because of the poor aqueous
solubility of most reagents.
Narayan et al. have achieved
rate enhancements for a wide
range of cycloadditions and
ring-opening reactions simply
by stirring the insoluble reaction
partners in an aqueous suspen-
sion. Remarkably, several
reactions involving azodicar-
boxylates are accelerated
beyond the rate achieved by
solvent-free mixing of miscible
liquid reagents: Coupling of
neat quadricyclane and
dimethyl azodicarboxylate
takes 2 days as compared to
only 10 min “on water.”
Hydrogen bonding appears to
increase the reaction rate, yet
heterogeneity is a surprisingly
important factor. When a
suspension was homogenized
by adding methanol, the reac-
tion slowed down. A molecular
explanation for the phenome-
non is elusive, but the authors
have encouraged those who
make related observations to
share their thoughts.— JSY

Angew. Chem. Int. Ed.
10.1002/anie.200462883 (2005).

MOLECULAR BIOLOGY
Silencing Mini-u
Premature stop codons
(PTCs) result in truncated

proteins, species that would
be extremely injurious.

CONTINUED ON
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A post-transcriptional monitoring
system—nonsense-mediated decay
(NMD)—has evolved in eukaryotes to
remove PTC-containing mRNAs before
they can be translated. Immunoglobulin
(Ig) genes are rearranged as part of
normal lymphocyte development, and
alleles containing PTCs are generated
as nonfunctional byproducts of the
process. Transcripts from these alleles are
destroyed by NMD, but features of their
extirpation suggest that something else
is also suppressing these rogue mRNAs.
Biihler et al. have introduced PTCs into

mouse Ig-u minigenes and assayed their
expression in tissue culture cells. They find
that posttranscriptional NMD accounts for
a 50% reduction in their expression. But
they also find that 50% of the suppression
occurs at the level of transcription and is
mirrored by chromatin features associated
with gene silencing: the loss of histone
acetylation and an increase in methylation
of histone H3 on the lysine-9 residue in
the vicinity of the PTC-containing mini-
genes. Repression of putative small inter-
fering RNAs (siRNAs) by overexpression
of the siRNase 3'hExo abrogates the
PTC-suppression effect, suggesting that
RNA interference—related mechanisms
may be involved. — GR

Mol. Cell 18,307 (2005).

HIGHLIGHTED IN SCIENCE'S SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT

Vascular Effects of Stress

www.stke.org
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Atherosclerotic plaques, which develop in response to a localized
inflammatory response, occur at regions of disturbed blood flow.
Fluid shear stress stimulates the binding of endothelial cell
integrins to the subendothelial extracellular matrix (ECM), leading to activation of the
nuclear factor-kB (NF-kB) signaling pathway and transcription of target genes. Noting
that endothelial cells express multiple integrins that _
bind to matrix proteins and that inflammation promotes B
the deposition of fibronectin and fibrinogen into the b
subendothelial ECM, Orr et al. found that changes in
subendothelial matrix composition and activation of
NF-kB target genes occurred at regjons of disturbed
flow in vivo before other atherosclerotic changes and
were most pronounced in atherosclerosis-prone mice =
fed a high-fat diet. Fluid shear stress promoted phos-
phorylation and translocation to the nucleus of NF-kB in
bovine aortic endothelial cells cultured on fibrinogen or
fibronectin. In contrast, shear stress, acting through
integrin o231, promoted activation of the p38 protein
kinase in cells grown on collagen, leading to reduced NF-«B activation. Intriguingly, NF-kB
activation in cells grown on fibronectin could be blocked by treatment with a peptide that
alters matrix structure and stimulates p38, suggesting that modification of the ECM with
external factors (and localized activation of p38 at integrin adhesion sites) could provide
a novel approach to treating atherosclerosis.— EMA

PSYCHOLOGY

Happiness in the Civil Service

It is not surprising that negative emotional
states, such as stress or depression, are
associated with a higher risk of unhealthy
conditions, such as cardiovascular disease.
We can assess stress (cortisol) and
depression (psychiatric diagnosis) in
objective ways, but how can we ascertain
whether positive affect (happiness) is
healthful? In beginning to address this
question, Steptoe et al. have collected two
data sets from over 200 British civil servants
(mostly happy and healthy). One contains
aggregate measurements (35 time points in
a working day) of physiological (cortisol)
and psychological (self-ratings) status, and
the other contains similar measurements
recorded in a laboratory mental stress test
(modified Stroop task). [See also the Day
Reconstruction Method of Kahneman et al.,
Reports, 3 December 2004, p. 1776.] They
find that cortisol and plasma fibrinogen
(a predictor of coronary heart disease)
levels were inversely related to happiness
and that these correlations were independent
of psychological distress, supporting the
idea that positive affect may be associated
with neuroendocrine and cardiovascular
indicators of well-being. — GJC

Proc. Natl. Acad. Sci. U.S.A. 102, 6508 (2005).

- |
. !
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Arterial deposition of fibrino-
gen (brown) in a mouse
prone to atherosclerosis on a
high-fat diet.

J. Cell Biol. 169, 191 (2005).
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science worldwide?

| bring my back issues of Science to the classroom. When
students finish assignments or exams early, | give them a
copy to read. It’s interesting and accessible, and as a recent

ad campaign says, you can’t start young enough.

Brendan Curran, physics teacher and AAAS member
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Brendan Curran, with his physics
class at Herricks High School,
New Hyde Park, New York
AAAS is committed to advancing science and giving a To join the international family of science, go to
voice to scientists around the world. We work to improve www.aaas.org/join.|

science education, promote a sound science policy, and
support human rights.

Helping our members stay abreast of their field is a key
priority for AAAS. One way we do this is through Science,
which features all the latest breakthroughs and ground- %‘ AAAS
breaking research, and keeps scientists connected wherever
they happen to be. Members like Brendan find it essential ADVANCING SCIENCE, SERVING SOCIETY
reading.

www.aaas.org/join|
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If you want to light up the world of science, it’s o firmly founded on the expertise of Science, the
premier scientific journal, and the long experience
of AAAS in advancing science around the world.

essential you don’t leave your career to chance. At

[ScienceCareers.org we know science. We are ;
committed to helping you find the right job, and to So if you want a brighter future, trust the specialist
delivering the advice you need. Our knowledge is in science. Visit/ScienceCareers.org.|
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WEB ARCHIVE

Bird Journals Roost Online

Researchers who want to browse the historic bird literature should
take a gander at the Searchable Ornithological Research Archive
(SORA), hosted by the University of New Mexico, Albuquerque.
This Web library, named for the marsh-dwelling sora (above),
holds more than 100 years' worth of The Condor, The Auk, and The
Wilson Bulletin, along with shorter spans of the North American
BirdBander, Studies inAvian Biology, and other ornithological titles.
A search function lets you scan the full texts of all the journals,and
you can download articles as PDFs or in the more concise DjVu
format, which requires a free plug-in to view.The newest volumes
date to 2000.

elibrary.unm.edu/sora/index.php

RESOURCES

Bad Stats, Bad Medicine

The recent ruckus over the safety of the pain relievers Vioxx and
Celebrex makes the opinionated Web site Improving Medical Statistics
a timely read. Eric Roehm, a cardiologist from Round Rock, Texas,
exposes statistical gaffes, shoddy study designs, and unwarranted
conclusions that slipped past peer review and into the pages of top
journals. For example, the doctor’s warning that pregnant women
should abstain from alcohol stems from a flawed 1984 study that
didn't factor out the effects of smoking. Even the 2001 paper that
first raised questions about the safety of Vioxx and Celebrex has a
weakness: The researchers compared the treatment group from one
study to placebo groups from other trials.

Iwww.improvingmedicalstatistics.com/index.html|

RESOURCES _gf’?'ﬁf"}j
Portrait of a Protist xr
“Photosynthetic” and “hyperactive” don't fi

usually go together, but they're apt adjec-
tives for the microscopic Euglena and its
relatives, which carry chloroplasts but can = ##
chase down their fellow pond dwellers. The

peripatetic protists are the subject of the

Euglenoid Project Web site. A primer intro- e
duces peculiarities of euglena behavior and
anatomy. Visitors can also check out the

S AR

TP e TS

original euglena sketches (right) by German biologist Christian Ehrenberg—who named the creatures
in 1830—or screen movies of cells on the move or snarfing other protists. With interactive keys and
synopses of most genera, the site swarms with information for taxonomists. It will soon expand to
include full-text versions of most classic euglena literature, says co-creator Richard Triemer of Michigan

State University in East Lansing.

NETWATCH

edited by Mitch Leslie

LINKS
Molecular Biologist's
Companion

The Web abounds with an ever-growing number of molecular biology
and medical databases. For help finding the one you need, try this
annotated directory of links compiled by Josef Koenig of the Medical
University in Vienna. Under categories such as genomics, pharma-
cology, and ethics, the directory lists annotated links to hundreds of
sites.To find out how bacteria handle toxins, for example, hop over to
the database hosted by the University of Minnesota that records
bacterial breakdown pathways for nearly 900 compounds. Some
entries include links to publications on the database.

EXHIBITS
A Frigid :
Banner Year

Neither marauding wolves,
nor temperatures as low
as —46 degrees Celsius,
nor overdue supply ships
stayed the explorers at
Fort Conger in north-
western Greenland (right)

from their meteorological

rounds. In 1882 and 1883,

U.S. personnel at this isolated station and researchers

at other sites across the Arctic recorded air temperature, baro-
metric pressure, wind speed, and other variables as part of the
first International Polar Year. At this site from the National
Oceanic and Atmospheric Administration, history buffs can learn
more about this pioneering project, and researchers can down-
load the original data.

The project’s goal was to
share environmental measure-
ments from different locales,
and 11 countries teamed up to
staff Arctic observing stations.
Their readings provide a snap-
shot of the far north before
human-induced global warm-
ing began. Besides data, the site
holds an archive with more than
200 photos, maps, and drawings
that provide a glimpse of life
at the stations. Paintings even
record the deaths of three
members of the Fort Conger
expedition; only seven of the
25 members of the party were
alive when rescuers arrived.

[www.plantbiology.msu.edu/triemer/Euglena/Index.htm|
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A Heavyweight Battle Over
CDC'’s Obesity Forecasts

How many people does obesity kill?

That question has turned into a headache
for the Centers for Disease Control and Pre-
vention (CDC) in Atlanta, Georgia: In the past
year, its scientists have published dueling
papers with conflicting estimates on obesity-
associated deaths—the first three times greater
than the second. The disagreement, some fear,
is undermining the agency’s health warnings.

The bidding on obesity’s annual death toll
started at a staggering 400,000—the number
cited ina CDC paper co-authored by CDC chief
Julie Gerberding in 2004. But dissent prompted
an internal inquiry, and CDC decided this year
to lower the number to 365,000. That was still
too high for some CDC analysts, who together
with colleagues at the National Cancer Institute
(NCI) in Bethesda, Maryland, published a new
figure on 20 April—112,000 deaths. The low
estimate is spawning other problems, though. A
food-industry interest group is touting it as evi-
dence that obesity is not so risky. Even
researchers who favor the low number worry
that it will lead to complacency.

After trumpeting the highest estimate a
year ago and warning that obesity deaths were
poised to overtake those caused by tobacco,
CDC officials now say that numbers are unim-
portant. The real message should be that “obe-
sity can be deadly,” says George Mensah, act-
ing director of CDC’s National Center for
Chronic Disease Prevention and Health Pro-
motion. “We really add to the confusion by
sticking to one number.”

But some of CDC’s own scientists dis-
agree. “It’s hard to argue that death is not an
important public health statistic,” says David
Williamson, an epidemiologist in CDC’s dia-
betes division and an author on the paper with
the 112,000 deaths estimate.

Calculating whether obesity leads directly
to an individual’s demise is a messy proposi-
tion. To do so, researchers normally determine
by how much obesity increases the death rate
and what proportion of the population is obese.
Then they apply that to the number of deaths in
a given time, revealing excess deaths due to
obesity. Both studies use that approach, but
methodological differences produced big dis-
parities between the two papers—one by epi-
demiologist Ali Mokdad, Gerberding, and their

CDC colleagues, published in the Journal of
the American Medical Association (JAMA) on
10 March 2004, and the new estimate by CDC
epidemiologist Katherine Flegal and col-
leagues at CDC and NCI, published in JAMA
on 20 April.

Both relied on data about individuals’
weight and other measures from the National
Health and Nutrition Examination Survey

Obesity:

“Epidemic”’
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_Aeste™

iiHype7!
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Feeding on confusion. An ad campaign by a
food industry—supported group seeks to exploit
discrepancies in estimated obesity deaths.

(NHANES), which has monitored the U.S.
population since the 1970s. The Mokdad
group used the oldest, NHANES I. Flegal’s
group also used two more recent NHANES
data sets from the 1980s and 1990s. Her
method found fewer obesity-associated
deaths—suggesting that although obesity is
rising, some factor, such as improved health
care, is reducing deaths.

Other variations in methodology proved
crucial. For example, the two groups differed
in their choice of what constitutes normal
weight, which forms the baseline for compar-
isons. Flegal’s team adopted the definition
favored by the National Institutes of Health and

the World Health Organization, a body mass
index (BMI) between 18.5 and less than 25.
The Mokdad team chose a BMI of 23 to less
than 25; this changed the baseline risk of death,
and with it, deaths linked to obesity.

In their paper, the Mokdad authors said they
selected that narrower, heavier range because
they were trying to update a landmark 1999
JAMA paper on obesity led by biostatistician
David Allison of the University of Alabama,
Birmingham, and chose to follow Allison’s
methodology. (CDC spokesperson John
Mader said that Mokdad and his co-authors
were not available to be interviewed.) “There’s
no right answer” to which BMI range should be
the “normal” category, says Allison. He felt his
choice was more “realistic,” and that expecting
Americans to strive for even lower BMIs might
be asking too much. But that relatively small
difference in BMI had a big effect on the esti-
mates: Had Flegal’s team gone with the 23-to-
25 range, she reported, the 112,000 deaths esti-
mate would have jumped to 165,000.

The scientists also diverged sharply in
how they tackled age. It’s known that older
individuals are less at risk and may even ben-
efit from being heavier: A cushion of fat can
keep weight from falling too low during ill-
ness. And young obese people tend to develop
more severe health problems, says David
Ludwig, director of the obesity program at
Children’s Hospital in Boston.

Flegal’s group took all this into account by
assigning risks from obesity to different age
groups. Stratifying by age meant that when Fle-
gal turned to actual death data—all deaths from
the year 2000—she was less likely to count
deaths in older age groups as obesity-related.

Allison concedes that in retrospect, his
decision not to stratify by age was a mistake.
And it had a big impact on the estimates. “Very
minor differences in assumption lead to huge
differences in the number of obesity-induced
deaths,” says S. Jay Olshansky, a biodemogra-
pher at the University of Illinois, Chicago.

Olshansky, Allison, and Ludwig published
their own provocative obesity paper in The
New England Journal of Medicine in March.
It argued that U.S. life expectancy could begin
decreasing as today’s obese children grow up
and develop obesity-induced diseases, such
as diabetes and heart disease (Science,
18 March, p. 1716).

But Olshansky now says that in light of
Flegal’s recent paper on obesity deaths and
a companion paper that she, Williamson,
and other CDC scientists authored in the
same issue of JAMA, his life expectancy »
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forecasts might be inaccurate.

The companion paper, led by CDC’s
Edward Gregg, examined how much cardio-
vascular disease was being driven by obesity.
The findings were drawn from five surveys,
most of them NHANES, beginning in
1960 and ending in 2000, and they dovetailed
with the conclusions in Flegal’s 112,000
deaths paper. All heart disease risk factors
except diabetes were less likely to show up in
heavy individuals in recent surveys than in
older ones. That suggests, says Allison, that
“we’ve developed all these great ways to treat
heart disease” such as by controlling choles-
terol. This could also explain, he and others
say, why NHANES I led to much higher esti-
mates of obesity-associated deaths than did
NHANES 1, 11, and IIT combined. Although
obesity rates are rising, obesity-associated
deaths are dropping.

Ludwig disagrees that this trend will
necessarily continue or that Gregg’s paper
disproves the one he co-authored with
Olshansky. Type 2 diabetes, which is
becoming more common in youngsters,
“starts the clock ticking towards life-threaten-
ing complications,” he notes.

Olshansky is uncomfortable with the

ASTRONOMY
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kind of attention Flegal’s 112,000 estimate is
getting. “It’s being portrayed,” he says, as if
“it’s OK to be obese because we can treat it
better.” In fact, one of Flegal’s conclusions

1

that sparked much interest—that being over-
weight, with a BMI of 25 to 30, slightly
reduced mortality risk—had been suggested
in the past.

Certainly, food-industry groups are
thrilled by Flegal’s work. “The singular focus

Heavy duty. Being obese in childhood increases the
likelihood of health problems such as diabetes later on.

Ancient
monsoons in
a stalagmite

on weight has been misguided,” says Dan
Mindus, a senior analyst with the Center
for Consumer Freedom, a Washington,
D.C.-based nonprofit supported by food
companies and restaurants. Since
Flegal’s paper appeared, the center
has spent $600,000 on newspaper
and other ads declaring obesity to
be “hype”; it plans to blanket the
Washington, D.C., subway system
with its ad campaign.

Some say that CDC needs to
choose one number of deaths and
stand behind it. “You don’t just put
random numbers into the litera-
ture,” says antitobacco activist and
heart disease expert Stanton
Glantz of the University of Califor-
nia, San Francisco, who disputed
the Mokdad findings.

Scientists agree that Flegal’s
study is superior, but it may also be
distracting, suggests Beverly Rockhill, an epi-
demiologist at the University of North Car-
olina, Chapel Hill. Even if obese individuals’
risk of death has been overplayed in the past,
she says, we ought to ask: “Are they living a
sicker life?” —JENNIFER COUZIN

Picture-Perfect Planet on Course for the History Books

Look closely at the faint red speck of light in
this false-color photo. It’s the first image ever of
an exoplanet—a planet outside our own solar
system. The 8-million-year-old world, about the
size of Jupiter but five times as massive, has
water vapor in its atmosphere and circles its
mother brown dwarf star every 2500 years or so
at a distance of 8 billion kilometers. The whole
system is 230 light-years away
in the constellation Hydra. The
planet’s name? 2M1207b, but
that may change.

A European-American
team of astronomers led by
Gaél Chauvin of the European
Southern Observatory took the
infrared photo in April 2004
using ESO’s 8.2-meter Very
Large Telescope (VLT) in
Chile, outfitted with a revolu-
tionary system to compensate
for atmospheric turbulence.
Until now the team couldn’t

object, unrelated to the brown dwarf. But new
VLT measurements confirm that the two
objects are moving through space together,
and independent Hubble Space Telescope data
released on 2 May at an exoplanet workshop in
Baltimore, Maryland, all but clinch the case.
“At the 99.9% level, I agree this is probably
the first image of an extrasolar planet,” says
Eric Becklin of the
University of Cali-
fornia, Los Angeles
(UCLA), who was
not involved in either
study.

But is it really a
planet and not, say,
another brown dwarf
star? According to
theoretical models
for inferring the
mass of young, low-
mass objects from
their infrared spectra,

rule out the possibility that the

First light. Infrared image shows

2M1207b is only five

Jupiter. That’s well below the 13.6-Jupiter-
mass cutoff the International Astronomical
Union uses to distinguish planets from brown
dwarfs. “The possibility that this object is a
brown dwarf is out of the box,” says Glenn
Schneider of the University of Arizona in
Tucson, who presented the Hubble results. If
anything, “the models may well overestimate
the masses at very low mass,” says Gibor
Basri of the University of California, Berkeley.
Together with his student Subu Mohanty and
others, Basri developed a new way of determin-
ing masses of substellar objects by deducing
their surface gravity from detailed spectroscopic
measurements. Their results indicate that bodies
like 2M1207b are probably even less hefty than
current theoretical models suggest.

With its claim to fame assured, says co-
discoverer Benjamin Zuckerman of UCLA,
the team hopes to give the planet a name bet-
ter suited to its historic status. “Anyone with a
bright idea is welcome to suggest it,” he says.

—GOVERT SCHILLING

CREDITS (TOP TO BOTTOM): KAREN KASMAUSKI/CORBIS; EUROPEAN SOUTHERN OBSERVATORY

Govert Schilling is a writer in Amersfoort, the

red dot was a background times as massive as  Netherlands.

portrait of an extrasolar planet (left).
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HUMAN EHOTEOME FOLDING

CREDIT: WORLD COMMUNITY GRID

COMPUTING

IBM Offers Free Number Crunching
For Humanitarian Research Projects

CAMBRIDGE, U.K.—When researchers have a
project that involves a lot of number crunching,
they usually have to think small. They compress
data and algorithms to make the best use of
expensive computer time. Now the computer
giant IBM is offering researchers who meet cer-
tain criteria a chance to do the opposite: to think
big—supercomputer big—and it will provide
access to the computing power for free.

The company’s philanthropic arm has
launched an effort known as World Commu-
nity Grid (WCG) to support research projects
with humanitarian goals. “We aim to take the
most cutting-edge technologies and use them
in the public interest,” says Stanley Litow, pres-
ident of the IBM International Foundation. The
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Group effort. Small computers are being linked in huge networks to

analyze protein folding and other puzzles.

computing power comes courtesy of many
thousands of ordinary computer users around
the world who freely donate their computers to
a project at times when they would otherwise
sit idle. Linked by the Internet, the grid gains
power as it accumulates machines. Last month
WCG signed up its 100,000th computer.

WCG uses the same technique as
projects such as SETI@home and Climate-
which install a screen saver
on computers to sift radio signals for extra-
terrestrial messages or model climate change
(see p. 810). The difference is that WCG has
a permanent infrastructure and can run five
or six projects at once. IBM created the open
grid because “we found that a lot of projects
were dying on the vine in the absence of com-
puting power,” says Litow.

WCQG is not the first grid freely available to
researchers. The company United Devices in
Austin, Texas, which creates similar links for the
pharmaceutical, oil, and financial industries, set

up|Grid.orgin 2001 and has since signed up
more than 3 million machines. Grid.org’s first
project was to scan 3.5 billion molecules for
potential as drugs against cancer. Chemist Gra-
ham Richards of Oxford University in the UK.,
who led the effort, says participants “employed
more computing power than the whole world
pharmaceutical industry” can bring to bear on
such problems. Richards says the project found
lots of promising molecules and is now embark-
ing on the more painstaking process of synthe-
sizing the molecules and testing them in vitro.

The Oxford team also used Grid.org to
search for drugs against anthrax and, in collab-
oration with IBM, smallpox—a project that
screened 35 million potential drug molecules to
find 44 strong candi-
dates in a matter of
weeks. “The smallpox
experiment was such a
success,” says Viktors
Berstis, IBM’s techni-
cal head of WCG, that
IBM decided to set up
its own grid. WCG
was launched in
November 2004, with
help from United
Devices, and its first
task was the Human
Proteome Folding
Project. Devised by
researchers at the
Institute for Systems
Biology in Seattle,
Washington, the fold-
ing project predicts
structures for the thousands of protein
sequences uncovered by the Human Genome
Project. At a symposium in Seattle last week,
the institute announced that the project had
already calculated 50,000 structures. Its goal—
100,000 to 150,000 structures—would take
100,000 years to complete if the institute relied
on its own computing power.

Interested researchers can propose projects
atpwww.worldcommunitygrid.org,land IBM has
assembled a high-powered advisory board,
including David Baltimore, president of the Cal-
ifornia Institute of Technology in Pasadena, and
Ligia Elizondo, deputy director of the United
Nations Development Programme, to sift
through the proposals. The board is meeting this
week and hopes to have a first slate of new proj-
ects in a few months. Berstis says he hopes even-
tually to sign up as many as 10 million comput-
ers. “Most researchers haven’t even thought of
this kind of massive computing power,” he says.
It’s time to think big. —DANIEL CLERY
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Democrats Protest Limits on
WHO Adpvisory Panels

Some Democrats in Congress want the
Bush Administration to halt what they
see as efforts to exert political control
over science.

Their focus is a 1-year-old policy on
sending federal scientists to meetings of
the World Health Organization (WHO). In
the past, WHO would directly invite indi-
viduals from the Department of Health
and Human Services (HHS) to serve as
advisers on topics such as avian flu and
potentially cancer-causing chemicals. But
in April 2004, then—HHS secretary Tommy
Thompson's global health chief, William
Steiger, announced that invitations
needed to go to his office, which would
choose the appropriate experts. The pol-
icy upset researchers at the National
Institutes of Health and the Centers for
Disease Control and Prevention as well as
outside public health leaders and scien-
tific groups.

In a 28 April letter to new HHS Secre-
tary Michael Leavitt, the 11 Democrats on
the House Science Committee ask him to
rescind the policy or explain the value of
what legislators call a “counterproduc-
tive” and “potentially dangerous” policy.
An HHS spokesperson said the depart-
ment expects to respond “in an appropri-
ate time frame.”

—JocELyN KAISER

NIH Wants Your Papers Now

The National Institutes of Health's
(NIH’s) new push to expand public access
to papers it funds kicks in this week. As of
2 May, NIH-funded investigators are
requested to submit copies of final,
accepted journal manuscripts to NIH
[(www.nihms.nih.gov),\which will post
them in NIH’s PubMed Central papers
archive no more than 12 months after
they're published in the journal.

NIH announced the policy in February
after a 6-month battle between open-
access advocates and journal publishers,
who say the policy violates copyrights
and will put them out of business. One
question is how authors will interpret
NIH’s recommendation that they ask NIH
to post their papers “as soon as possible,”
regardless of when the journal allows free
online access to the full text. Also
unknown is how well the National Library
of Medicine will cope with the flood of
manuscripts, expected to number at least
60,000 a year.

—JocELYN KAISER
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Chemists Want NIH to Curtail Database

The American Chemical Society (ACS)
wants the U.S. government to shut down a free
database that it says duplicates the society’s
fee-based Chemical Abstracts Service (CAS).
Government officials defend
the site, called PubChem, say-
ing the two serve different pur-
poses and will complement,
rather than compete with, each
other. But ACS officials are
hoping to convince Congress
to stop PubChem unless the
government scales it back.
PubChem was launched
last fall by the National Insti-
tutes of Health (NIH) in
Bethesda, Maryland, as a free
storehouse of data on small
organic molecules. It is a
component of the Molecular
Libraries Initiative, which is
a part of NIH Director Elias
Zerhouni’s road map for
translating  biomedical
research. So far, PubChem
includes information on
650,000 compounds, such as structures and
biological assays, as well as links to PubMed,
NIH’s free biomedical abstracts database. It
will grow to include data from the Molecular
Libraries centers, which aim to screen thou-
sands of molecules for biological activity.
NIH expects basic researchers to use Pub-
Chem to identify chemicals they can use to

EUROPEAN POLICY

Boiling point. ACS’s Madeleine Jacobs
says NIH's PubChem goes too far.

explore how genes and cells work.

But ACS claims PubChem goes far
beyond a chemical probes database. It is,
ACS says, a smaller version of CAS, which
employs more than
1200 people in
Columbus, Ohio, and
makes a significant
contribution to the
society’s $317 mil-
lion in annual rev-
enue from publica-
tions. Institutional
subscribers receive
data on 25 million
chemicals, including
summaries written by
CAS experts and
links to chemistry
journal abstracts.
Like CAS, PubChem
assigns each chemi-
cal a unique identify-
ing number, and until
a few weeks ago, the
sites even looked
quite similar, says ACS Chief Executive Offi-
cer Madeleine Jacobs. Claiming that Pub-
Chem could wipe out CAS, Jacobs argues
that NIH should abide by its stated mission of
storing only data from the Molecular
Libraries Initiative and other NIH-funded
research.

NIH officials counter that PubChem

indexes a set of biomedical journals that
overlaps only slightly with those CAS indexes
and, unlike CAS, does not provide curated
information on patents or reactions. “They
have a vast amount of information that
PubChem would never dream of including,”
says Francis Collins, director of the National
Human Genome Research Institute. Pub-
Chem’s focus on biological information such
as protein structures and toxicology is comple-
mentary, he says. NIH has offered to link
entries in PubChem to CAS, but ACS says
that wouldn’t help.

ACS has enlisted Ohio’s governor, Repub-
lican Bob Taft, as well as the state’s congres-
sional delegation to push its case. The legisla-
tors sent a letter on 8 March to Health and
Human Services Secretary Michael Leavitt
arguing that PubChem could pose “direct and
unfair competition” with CAS. The lawmak-
ers compare it to PubScience, a Department
of Energy abstracts database that was shut
down in 2002 after House appropriators
decided it violated rules prohibiting the gov-
ernment from duplicating private services.
ACS was part of that lobbying campaign.

NIH officials are worried that PubChem
could suffer the same fate and hope to make
their case this month to Senator Mike
Dewine (R—OH). Jacobs, for her part, wants
NIH to “stick to its mission” and cut back
the scope of PubChem. If not, she promises
“to bring to bear all of our influence and
resources.” —JocELYN KAISER

Panel Gives Thumbs-Down to European Institute of Technology

BeruN—Efforts to create a European Institute
of Technology (EIT) to compete with the
Massachusetts Institute of Technology (MIT)
could do more harm than good to science in
Europe, an advisory panel told the European
Commission last week. The idea for a so-
called EIT was proposed in February as part
of the relaunch of the so-called Lisbon strat-
egy, designed to boost Europe’s flagging
economy. The strategy highlights research as
a catalyst for economic growth, and commis-
sion president Jos¢ Manuel Barroso proposed
that the European Union establish an Institute
of Technology with MIT as its model.
Barroso has stumped for the idea in sev-
eral major speeches, once suggesting that it
might be located in Poland, one of the E.U.’s
newest members. Although researchers have
been largely skeptical, the EIT has gained
momentum in some political circles. A
group of European Parliament members
even suggested a possible campus: their Par-

liament building in Strasbourg, France—one
of two sites where the Parliament sits every
month. Many parliamentarians would be
happy to give up the building and the trouble
of maintaining two home sites.

But on 27 April, the European Research
Advisory Board (EURAB), a group of scien-
tists that counsels the commission on policy
matters, recommended that it shelve the idea.
“As much as we would like to see an EIT
come into existence in Europe, we are wary
that it cannot be created top-down,” the panel
says in its statement. “An EIT must grow bot-
tom-up from existing research communities.”

Instead, it says, the planned European
Research Council (ERC), a body to fund
basic research, should be given full support to
prompt the kind of competition that helps
shape top institutions such as MIT. The
ERC—originally proposed by a grass-roots
movement of European scientists—was part
of the commission’s proposal for the €70 bil-

lion ($90 billion) 7th Framework program
(Science, 15 April, p. 342), but its exact fund-
ing and structure are still unclear.

E.U. research spokesperson Antonia
Mochan says the commission is exploring the
EIT proposal. Although it has not ruled out
starting a new institution, she says, both
research commissioner Janez Poto¢nik and
education commissioner Jan Figel” have said
that perhaps a network of “centers of
excellence” across Europe “would be the most
relevant way to deal with this issue.”

But even such a network worries the
advisory panel members. “Our point is that
[the institute] would distract from the ERC,”
says EURAB chair Helga Nowotny of the
Vienna Science Center. The panel decided to
issue the statement after hearing of increased
support for the idea among politicians, she
says: “Every science minister from Poland to
Portugal wants to host an EIT.”

—GRETCHEN VOGEL
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GENOMICS

Celera to End Subscriptions and Give
Data to Public GenBank

A once-deafening debate over access to
human genome sequence data ended quietly
last week. Celera Genomics Corp., the com-
pany that launched a commercial effort to
sequence the human genome and then set
about making money from the data, is closing
its subscription-based database service and
will release its genomic data on humans, rats,
and mice to the public.

The move marks the epilogue in the saga
of J. Craig Venter, who founded Celera (now
owned by Applera Corp.), and Francis
Collins, director of the National Human
Genome Research Institute in Bethesda,
Maryland, and leader of the Human Genome
Project, which made its genome sequence
data public immediately. The former rivals
both praised Celera’s move to deposit its data
in GenBank. “I think it’s a wonderful devel-
opment. [Applera] deserves a lot of credit for
putting this data in the public domain,” says
Collins. Venter, no longer with Celera, sent an
e-mail from his ship, Sorcerer II, on a scien-
tific cruise off the coast of
Australia, stating that he has
been “strongly in favor” of the
move, which “sets a good
precedent for companies who
are sitting on gene and
genome data sets that have lit-
tle or no commercial value but
would be of great benefit to
the scientific community.”

Most scientists would prob-
ably say that the outcome was
inevitable. “I think the whole
model ran its course and was
superceded by the public
effort,” says genome sequencer
Richard Gibbs of Baylor Uni-
versity in Waco, Texas.

Four years ago, the race
between Collins and Venter to finish a rough
draft of the human genome sequence ended in
a dead heat. The public effort published its data
in Nature and deposited them in GenBank, run
by the U.S. National Center for Biotechnology
Information (NCBI). Celera, whose paper was
published in Science, shared its data for free
only with scientists who agreed not to redis-
tribute or commercialize the data—a restric-
tion that drew loud complaints from many
researchers (Science, 16 February 2001,
p. 1189). The company then created a sub-
scription-based genomic database that later
included proprietary data on rats and mice. In
early 2002, however, Applera moved the com-
pany into drug discovery and Venter left; he
now heads his own nonprofit institute.

In its heyday, the Celera Discovery System
signed up more than 200 institutions and many
drug companies. But subscriptions have fallen
off, leading the company to end the service on
1 July and to give 30 billion base pairs of
human, mouse, and rat sequence data to Gen-
Bank. Making the data public should generate
customers for Celera’s sister company Applied
Biosystems, which supplies researchers with
products such as gene expression assays, says
Dennis Gilbert, the company’s chief scientific
officer: “It’s a natural evolution of both the
business and the science.”

Experts say the human data (which
includes DNA from Venter and four other
people) won’t add much new information to
the available human sequence. But Celera’s
mouse and rat data will help publicly funded
researchers fill gaps and complete the assem-
bly and validation of the mouse and rat
genome sequences. And because Celera and
the public efforts sequenced different strains,
the data will also help researchers map

Come together. Former genome rivals . Craig Venter (left) and
Francis Collins (right) now see eye to eye on public database.

genetic variation in these model animals.
Two of Celera’s remaining subscribers had
mixed reactions. Alzheimer’s disease
researcher Steven Younkin of the Mayo Clinic
in Jacksonville, Florida, once viewed Celera’s
human genome assembly as “a godsend”
because its data on gene variants were more
reliable than the public assembly’s. But
Younkin says NCBI’s is now just as good.
However, obesity researcher Craig War-
den of the University of California, Davis,
says his group still uses Celera’s mouse
genome assembly to check results from the
public mouse databases because of its greater
accuracy for his genes of interest. “It will be a
loss” if GenBank can’t catch up, he says.
—JOCELYN KAISER

ScienceScope

Narrowing the Gender Gap

The list of new members of the National
Academy of Sciences (NAS) chosen this
week contains a record number of
women. But the gender ratio—19 women
out of the 72 elected—still falls short of
the representation of women in most sci-
entific fields.

“As more women get in, more will get
elected,” predicts California Institute of
Technology biologist Alice Huang, a for-
mer member of the academies’ Commit-
tee on Women in Science and Engineering.
“The academy realizes that there is some-
thing wrong, and they are trying to fix it.
But I'm a little surprised at how slow the
process is.”

This year's class™ tops by two the previ-
ous high-water mark for academy women,
reached in 2003 and 2004, and is a marked
increase from the long history of single-
digit totals for women. There are now 1976
active NAS members. The academy also
chose 18 foreign associates.

The meeting also featured the swan
song of NAS President Bruce Albert,
whose second 6-year term ends 30 June.
The new president is atmospheric chemist
Ralph Cicerone, now chancellor of the
University of California, Irvine.

—JEFFREY MERVIS

*see[nationalacademies.org

Astronomers Want to Be
Heard Before NASA Acts

Outside scientists need to weigh in before
NASA decides what missions to termi-
nate, says the American Astronomical
Society (AAS).

The unusual 2 May statement by the
organization, which represents more than
6000 U.S. astronomers and astrophysi-
cists, warns that turning off spacecraft
and cutting funds for analyzing spacecraft
data—two actions planned to cope with a
tight 2005 budget—"can set dangerous
precedents for coming years.” Continued
cuts, says astronomer David Black, who
chairs the AAS policy committee, “could
put our nation’s stature as a leader in
space, and the benefits that flow from
that leadership, at risk.”

The statement calls for NASA to
“involve members of the science commu-
nity in an assessment of missions before
finalizing decisions on possible mission
terminations.” NASA officials say that
they will ask for advice on prioritizing
missions before taking action this fall—
but the final decision, they add, rests with
the agency.

—ANDREW LAWLER
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U.S. Lawmakers Call for New Earth Science Strategy

Bolstered by a new report from the National
Academies, members of the House Science
Committee last week attacked the Bush
Administration’s plans to cancel or delay sev-
eral missions in NASA’s $1.5 billion earth sci-
ence program. Legislators complained about
the lack of a detailed and comprehensive
global observation strategy and took issue
with NASA’s vague plans to transfer some
activities to the National Oceanic and Atmos-
pheric Administration (NOAA). Scientists
hope the vocal, bipartisan criticism will force
NASA to rethink its plans.

“We need a vision and priorities for earth
science just as much as we do for exploration
and aeronautics,” said the committee chair,
Representative Sherwood Boehlert (R-NY).
Added ranking minority member Represen-
tative Bart Gordon (D-TN), “NASA’s earth
science program faces the prospect of being
marginalized.”

The National Research Council study
(Science, 29 April, p. 614) warned that
NASA’s plans to halt operations of existing
satellites, defer or cancel future missions, and
reduce funding for analyzing data could
undermine an ongoing effort to understand
Earth’s processes. A proposed $120 million
cut for next year would leave the agency’s
earth science budget $645 million below what
the Administration planned just 2 years ago to
spend in 2006. NASA is expected to decide
next month which of 10 operating satellites
should be turned off this year.

Boehlert said NASA’s science chief, Al
Diaz, told him 1 day before the hearing that the
agency planned to transfer some of its responsi-
bilities to NOAA. NASA traditionally has

DEPARTMENT OF ENERGY

developed advanced instruments and new satel-
lites, whereas NOAA has been in charge of
operational systems such as weather satellites.
Boehlert and several other lawmakers say they
wouldn’t object to NOAA’s taking on climate
observations, but Boehlert is “troubled” by the
lack of detail on how and when that would hap-
pen and how much it would cost.

The furor already has prompted NASA to
continue work on Glory, a spacecraft designed

need for “yet another global warming satel-
lite.” He added: “When you restructure, ...
you get rid of things that aren’t worthy
of the investment.”

But those views were not widely shared
among the committee. Representative Vernon
Ehlers (R-MI) warned Diaz that NOAA
would need additional funding to handle any
new responsibilities and that Congress
needed to be kept in the loop. “This can’t be
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All wet? Legislators object to NASA's planned cuts to Earth-observing missions like TRMM's moni-

toring of weekly global rainfall.

to study atmospheric aerosols that was axed in
the 2006 budget request. Diaz announced the
reprieve at the 28 April hearing, adding that he
believes the restructuring of the earth science
effort would leave the field “much better posi-
tioned.” The agency has “no intention of aban-
doning earth science,” Diaz says.
Representative Ken Calvert (R—CA) was
one of the few legislators to side with Diaz. “I
don’t think the Administration is trying to
hurt earth science,” he said. And Representa-
tive Dana Rohrabacher (R—CA), a longtime
critic of global warming studies, derided the

Two-Thirds of Senate Backs More Research

Advocates for the Department of Energy’s
(DOEYs) Office of Science are hoping that a
vote of confidence from the U.S. Senate will
translate into more money for basic energy
research. But a gloomy budget picture may
foil their plans.

Last week, 68 senators signed a letter call-
ing for a 3.2% increase for the $3.5 billion
DOE office. They want to add $250 million to
the Bush Administration’s budget request for
the 2006 budget year, which begins on
1 October. The letter was circulated by Sena-
tors Jeff Bingaman (D—NM) and Lamar
Alexander (R-TN), both of whom have large
DOE laboratories in their states. This year’s
effort attracted 13 more signers than a letter
circulated last year that opposed a similar
Administration cut.

Standing in the way of any boost, however,
is a 2006 budget resolution passed last week
by both the House and Senate that puts a tight
cap on nondefense discretionary spending,
the source of all federally funded civilian
research. “The appropriators always come
back and ask, ‘Why didn’t you give us more
headroom?’ ”’ says an aide to Bingaman. The
House panel is expected to begin action next
week on DOE’s 2006 budget.

The senators’ letter paints a stark picture
of life if the White House’s proposed 3.8%
cut in DOE science is adopted, including
“25% reductions in existing scientific per-
sonnel and operations at scientific facili-
ties.” It concludes with a warning that “our
entire U.S. scientific enterprise is in danger
of eroding.”

something that is done just because you want
to get out from under the financial burden,”
he said. Any shift would “take a good deal of
hard work and coordination—and the concur-
rence and involvement of both the research
community and Congress,” he added.

The science committee doesn’t control
NASA’s purse strings, however, and the
appropriations panel that does has yet to
weigh in on the issue. Still, a pitched battle
over the future of NASA’s earth science
effort seems likely.

—ANDREW LAWLER

DOE defends its proposed budget as
generous given scarce funds, pointing to
new monies for nanoscale science and the
experimental fusion reactor ITER. Funds
added by members for specific projects,
says a department spokesperson, disguise
the fact that the White House has actually
requested a 10% increase over proposed
2005 funding levels.

A concurrent letter-writing campaign in
the House has garnered more than 100 signa-
tures, up from 82 last year. Among the new
Senate supporters are Democratic budget
hawks Russell Feingold (WT) and Kent Con-
rad (ND). The Senate letter was sent to
energy appropriations chair Senator Peter
Domenici (R-NM) and ranking member
Senator Harry Reid (D-NV).  —Eu KINTISCH
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When Linda Watkins gave an invited lecture a
few years ago, she ruffled the feathers of at
least one senior researcher in the audience.
Drawing on her studies at the University of
Colorado, Boulder, Watkins had argued that
nervous system cells called glia contribute to
the chronic pain resulting from nerve injury.
This was at odds with the predominant think-
ing in the field, which held that such pain was
purely a matter of miscommunication
between neurons.

The disapproving researcher, “a big-name
person in the pain field whom I respect,”
Watkins says, wasn’t ready to accept that glia
were involved. “[He] stood up after my talk
and announced in front of the whole audience
that he was greatly bothered by my being so
glia-centric,” she recalls.

These days such grumblings are becoming
more rare. Recent research has shifted the
once-heretical view that glia are key players in
neuropathic pain into the mainstream. Indeed,
on 2 April, the American Pain Society honored
Watkins for her contributions to understanding
the mechanisms of pain. Other researchers
who have recently demonstrated new roles for
glia say their work has also begun to garner
more attention from colleagues who used to
view the cells as mere support staff for the all-
important neurons.

The emerging realization of the impor-
tance of glia has given new life to an idea that
has long lurked at the margins of neuro-
science: that glia may have key roles in central
nervous system disorders from neuropathic
pain and epilepsy to neurodegenerative dis-
eases such as Alzheimer’s—and may even
contribute to schizophrenia, depression, and
other psychiatric disorders. There are also
hints that glia may be promising therapeutic
targets—a possibility that researchers have
scarcely begun to explore.

“We have been very neuron-chauvinistic,”
concedes Christopher Power, a neurovirolo-

Long ignored, the nervous system'’s glial cells
may turn out to be key players in disease and
prime targets for therapy

The Dark
Side of Glia

gist at the University of Calgary in Canada.
“But it’s clear [now] that you cannot ignore
the roles of glia as important effectors of
health and disease.”

Workers'revolt

Even the name “glia” reflects the low opinion
early neuroanatomists held of these brain
cells. It derives from a Greek word meaning
“glue,” or possibly “slime.” Until recently,

Rising stars. Astrocytes such as these may play
key roles in a variety of brain disorders.

neuroscientists thought the cells’ purpose in
life was simply to provide physical support
and housekeeping for the neurons, whose
electrical impulses underlie all sensation,
movement, and thought.

In the last decade, however, researchers
have discovered that glia, which outnumber
neurons by as much as 10 to 1 in some regions

of the human brain, have big-time responsibil-
ities. During brain development, they guide
migrating neurons to their destinations and
instruct them to form the synapses that enable
neurons to talk to one another (Science, 26 Jan-
uary 2001, pp. 569 and 657). In the adult brain,
glia talk back to neurons, releasing neurotrans-
mitters and other signals that regulate the
strength of synapses (a possible mechanism of
learning). They promote the survival of exist-
ing neurons—and perhaps even trigger the
birth of new ones.

The discovery of all these roles for glia in
the healthy brain has prompted researchers
to reconsider their connections to diseases.
The most clear-cut case of glial involvement
in a central nervous system disorder is in
multiple sclerosis (MS), one of the most
common neurological diseases. Dogma
holds that MS is an autoimmune disorder, in
which T cells and other immune system cells
attack oligodendrocytes, the glia that form a
fatty myelin sheath around the axons of neu-
rons in the brain and spinal cord. Axons are
neurons’ transmission lines, and without
insulating myelin, axonal communication
breaks down. People with MS suffer move-
ment and balance disruptions as well as
impaired vision and other problems.

MS researchers have traditionally consid-
ered glia the victims, but there have been
hints recently that the story is more complex.
A study of tissue from the brainstems and
spinal cords of 12 MS patients who died
immediately after an outbreak of symptoms,
reported by Australian researchers last year in
the Annals of Neurology, found little evi-
dence of T-cell infiltration into areas of the
brain and spinal cord damaged by the disease.
Instead, they saw widespread signs that the
oligodendrocytes had been self-destructing.
To the authors and other MS specialists, the
study suggested that the immune reaction
long thought to be the root cause of the dis-
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ease might be a secondary response to some-
thing going awry in the oligodendrocytes.

Last October, Power’s team presented
another twist on the glia-MS story in Nature
Neuroscience. Studying brain tissue collected
from autopsies of MS patients, the researchers
identified a gene that is overactive in astro-
cytes, another type of glia. The gene, HERV-W,
jumped from a retrovirus into a primate ances-
tor of humans about 50 million years ago; its
product, a protein called syncytin, now plays
an important role in the developing placenta.
When the researchers caused the syncytin gene
to be overactive in cultured human astrocytes,
the cells became toxic to cultured oligodendro-
cytes. They then inserted the gene into a virus
that infects mainly astrocytes and injected the
modified virus into the brains of healthy mice;
the animals developed MS-like symptoms
within 2 weeks and had unusually high num-
bers of misshapen and dead oligodendrocytes
on autopsy.

Astrocytes had not been suspected to play
a role in MS, Power says: “We were amazed
and really intrigued by this idea that they were
involved in the pathogenesis.” His team has
since developed a compound that blocks
expression of the gene in studies with human
blood cells and is now testing it in animal
models of MS.

Painful truths

The third class of glia, microglia, also appear to
have some dirty secrets. They now stand
accused of causing neuropathic pain.

Millions of people in the United States suf-
fer from this form of chronic pain as a result
of nerve damage caused by physical injury,
surgery, viral infection, or chemotherapy
(Science, 16 July 2004, p. 326). For many
afflicted people, even the gentle brush of cloth-
ing against the skin can be excruciating.

Morphine and other pain drugs don’t
help most people with neuropathic pain.
Watkins suspects that current drugs are
ineffective because they are intended to
work on neurons, whereas increasing evi-
dence suggests that microglia are the real
instigators. When a healthy person steps on
a tack, pain-sensitive neurons in the foot
send a message to neurons in the spinal
cord, which relay the message up to the
brain. In people with neuropathic pain, the
pain-sensing neurons become hyperexcited.
In effect, they scream at the spinal cord neu-
rons instead of talking to them in a normal
voice—even when there’s no tack or other
painful stimulus.

In the 1970s, researchers discovered that
the types of injuries that lead to chronic pain
trigger microglial cells in the spinal cord to
proliferate and spew out various signaling
molecules. But until recently it wasn’t clear
whether this glial activation somehow caused
the sensory neurons’ excitability or was

Meet the Glia

OLIGODENDROCYTES

These cells provide
the fatty myelin

News Focus

ASTROCYTES

The most mysterious glia, astrocytes
have many roles in the brain. They are
integral parts of synapses, where they
regulate many molecules impeortant for

Closely related to macrophages,
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merely an unrelated side effect, says Michael
Salter, a neuroscientist at the University of
Toronto in Canada.

A 2003 study in Nature provided strong evi-
dence that activated microglia are the cause.
Salter, Kazuhide Inoue of the National Institute
of Health Sciences in Tokyo, and their col-
leagues identified a protein that is necessary for
neuropathic pain in rats with a severed nerve
and showed that this cell surface receptor is dis-
played only by activated microglia. Much as a
typical rat withdraws quickly from a painfully

“We have been very

neuron-chauvinistic,
but it's clear that you
cannot ignore the. roles

glia as important effectors

of health and disease.”
—CHRISTOPHER POWER, UNIVERSITY OF CALGARY

hot surface, the rats with a severed nerve with-
draw a paw in response to a light touch. But
when the team blocked the microglia receptor
called P2X, with a drug injected into the spinal
column, the behavior of the injured rats rapidly
returned to normal. When the drug wore off, the
abnormal pain responses returned.

Two big mysteries now confront
researchers investigating the link between
glia and neuropathic pain, Salter says. One
puzzle is what activates microglia after
injury. The other is how activated microglia
hypersensitize sensory neurons in the spinal

microglia are the immune

“ system's ambassadors to the
brain. They fight infections, but in
response to injury, they release a
slew of compounds that may
damage neurons.

cord. Solving either one could have huge
clinical payoffs in terms of treating pain.

A paper published online 4 April in the
Proceedings of the National Academy of Sci-
ences provides an important clue, pointing to a
possible trigger of microglial activation. Joyce
DeLeo and colleagues at Dartmouth Medical
School in Hanover, New Hampshire, had pre-
viously found that nerve injury activates a
receptor called Toll-like receptor 4 (TLR4),
which in the central nervous system is only
expressed on microglia. In the new study, the
researchers found that genetically
altered mice lacking TLR4 showed
markedly reduced microglial activa-
tion after nerve injury, as well as
reduced hypersensitivity to pain.
Blocking expression of the receptor
in normal rats prior to a nerve injury
yielded similar results.

“It’s a beautiful series of experi-
ments,” says Watkins. She and
Salter point out, however, that
TLR4 is likely only one of several
routes for microglial activation after nerve
injury. Watkins’s group, for example, has
identified another candidate trigger—a
protein called fractalkine—expressed on
the surface of neurons.

Much of the research on the second mys-
tery—how microglia excite sensory neu-
rons—has focused on immune system mes-
sengers called proinflammatory cytokines.
Many researchers have suggested that proin-
flammatory cytokines secreted by activated
microglia increase neural excitability and
increase sensitivity to pain when injected into

of
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Glial woes. The death of oligodendrocytes (left, purple) spells trouble for multiple sclerosis patients.
When activated, microglia (right, blue) in the spinal cord may trigger chronic pain.

the spinal cords of rats. Despite this promise,
however, few cytokine-blocking drugs have
made it to human trials, largely because of their
potent immunosuppressive action and other
side effects.

The potential pain therapy that most excites
Watkins involves a cytokine from microglia
that dampens inflammatory responses. In
work described at recent conferences, she and
colleagues delivered naked DNA for this pro-
tein, interleukin-10 (IL-10), to the spinal cords
of rats with nerve damage. The cells surround-
ing the cords took up the DNA and bathed
nearby glia in IL-10. The gene-delivery proce-
dure involves something like a reverse spinal
tap and appears to relieve neuropathic pain in
the rodents for at least 3 months. “They behave
like normal animals,” says Watkins. Her team
is now collaborating with Avigen, a biotech
company in Alameda, California, in hopes of
gaining Food and Drug Administration (FDA)
approval for a clinical trial for neuro-
pathic pain patients.

Watkins and her colleagues have
also begun testing the gene-therapy
technique in a rat model of chemo-
therapy-induced pain. Many cancer
patients, notes Watkins, would rather
forgo potentially lifesaving drugs
than suffer the pain that comes with
them. “People are literally dying
because of the pain caused by
chemotherapy,” she says.

Too much excitement

The ability of glia to make nerve cells hyper-
active may also play a role in epilepsy, another
disorder long thought to be purely a problem
with neurons. Raimondo D’ Ambrosio, a
neuroscientist at the University of Washington,
Seattle, has been studying the role of glia in
trauma-induced epilepsy, which occurs in
about half the people who suffer the most
severe head injuries. According to him, a factor
in such epilepsy is the split personalities of

"Many

astrocytes, which together with microglia
become activated in response to injury.

Many researchers describe astrocyte acti-
vation as a Jekyll-to-Hyde transition. Quies-
cent astrocytes have long, armlike extensions
that wrap around synapses and allow them to
regulate the concentrations of ions and
neurotransmitters around these nerve cell
junctions. But in response to a head injury or
other trauma, astrocytes often withdraw their
arms and slack off on their stabilizing chores.
Some of them migrate to the site of injury,
where they help repair the damaged area and
create a protective scar. This emergency
response may ultimately be beneficial, but it
causes problems too.

“Reactive astrocytes are not as good as nor-
mal astrocytes at taking care of brain physiol-
ogy,” D’ Ambrosio says. His team has found
that after head trauma, astrocytes reduce activ-
ity of the protein channels that allow them to

of the drugs
we already have might

conceivably work on ' glia,

and people just haven't
realized it yet.”

—BEN BARRES, STANFORD UNIVERSITY

draw potassium out of the space around neu-
rons. As a result, potassium builds up in the
extracellular space, making the neurons more
likely to fire in synchronous patterns typical of
epilepsy. “There’s no question that excess
extracellular potassium facilitates seizures,”
D’ Ambrosio says.

Other changes in activated glia may also
contribute to the neural excitability under-
lying seizures. Astrocytes recycle the neuro-
transmitter glutamate. Once glutamate is
released at a synapse, it excites neurons until
it is removed. Astrocytes handle about 90%

of this glutamate clearance, but activated or
injured astrocytes may abandon this task and
may even release glutamate themselves.

Furthermore, as in neuropathic pain,
cytokines released by activated glial cells may
contribute to epilepsy, D’ Ambrosio says. Work
by other researchers has shown that levels of
some cytokines spike in the cerebrospinal fluid
of people and in the brains of rats after a
seizure. When glial cells are genetically engi-
neered to overproduce certain proinflamma-
tory cytokines in mice, the animals become
more prone to seizures.

D’ Ambrosio also suspects that glia play
important roles in more common types of
epilepsy that aren’t caused by trauma. “Glia
can affect nearly every aspect of neuronal
excitability and function,” he says, which
makes them possible therapeutic targets for
any form of epilepsy.

Falling apart

There’s a growing suspicion that misguided
glia can do more than overexcite neurons—
they may even kill them.

One of the first clues that glia may be
involved in neurodegenerative disorders came
from studies on a form of dementia that afflicts
10% to 20% of those infected with HIV. The
virus’s target of choice in the brain is microglia;
it infects neurons very rarely, if at all.

How infected microglia conspire to kill off
neurons and cause dementia is not known. One
possibility is that inflammatory cytokines and
other compounds released by microglia injure
neurons directly; another is that the microglia
activate astrocytes, which abandon their
glutamate-recycling duties, allowing the
neurotransmitter to build up and kill neurons
by overexciting them.

Both mechanisms may also be at work in a
wide range of neurodegenerative disorders,
says Robert Nagele, who studies Alzheimer’s
disease at the University of Medicine and Den-
tistry of New Jersey in Stratford. For example,
activated microglia invade the amyloid plaques
in the brain that are the hallmark of
Alzheimer’s disease. Activated astrocytes also
form a halo around the plaques. Many
researchers agree that the inflammatory glial
response contributes to the damage seen in
Alzheimer’s brains, says Nagele, but exactly
how is a matter of debate.

“There’s a long list of [brain] diseases
that are now appreciated to have an inflam-
matory component,” says Gary Landreth,
an Alzheimer’s disease researcher at Case
Western Reserve University in Cleveland,
Ohio. Although many anti-inflammatory
drugs are being tested for Alzheimer’s dis-
ease and other neurodegenerative disor-
ders, the results have been mixed. These
drugs probably reduce neurodegeneration
in part by inhibiting the inflammatory
response of glia, Landreth says, but they
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act throughout the body. A drug that tar-
geted glia specifically might be very valu-
able, he says, if it dampened inflammation
in the brain without weakening the
immune system—but so far, no such com-
pounds have been developed.

Tackling glutamate excitotoxicity has also
been tricky. The drug memantine, which is
intended to protect neurons from this threat
and was approved in the United States in
2003 for Alzheimer’s disease, modestly slows
cognitive decline in patients but doesn’t seem
to thwart the brain’s eventual neurodegenera-
tion. Although memantine blocks a type of
glutamate receptor on neurons, a paper pub-
lished in January in Nature suggests another
way to prevent excitotoxicity: boosting the
activity of the glutamate transporter on astro-
cytes, the molecular pump responsible for
clearing glutamate from the synapse.

Jeftrey Rothstein of Johns Hopkins Uni-
versity School of Medicine in Baltimore,
Maryland, and colleagues screened more
than 1000 FDA-approved drugs and discov-
ered that a class of widely used antibiotics,
the so-called -lactam antibiotics, which
includes penicillin and its derivatives, spurs
astrocytes’ production of glutamate trans-
porters and increases the glial cells’ uptake of
glutamate. In a mouse model of the fatal
neurodegenerative disease amyotrophic lat-
eral sclerosis, one of these antibiotics delayed
neuron loss and prolonged survival.

On 22 February, the European Commis-
sion approved a drug that appears to work pri-
marily on glia for Parkinson’ disease, another
neurodegenerative disorder. The drug rasagi-
line is already on the market for Parkinson’s
disease in Israel and is under consideration by
FDA for use in the United States. The drug
inhibits the monoamine oxidase B enzyme,
which is found predominantly in microglia and
astrocytes, says its inventor Moussa Youdim, a
pharmacologist at Technion—Israel Institute of
Technology in Haifa.

Rasagiline was thought to work largely by
preventing the enzyme from breaking down
the neurotransmitter dopamine, which is
deficient in Parkinson’s patients. But the drug
also appears to have glia-based neuroprotec-
tive effects, Youdim says. His team reported
in February in the journal Mechanisms of
Ageing and Development that the drug and
related compounds sop up iron, preventing
the metal from building up inside glia and
undergoing chemical reactions that create
dangerous free radical compounds that can
seep out and wreak havoc on neurons.
Researchers suspect that this process plays a
role in other neurodegenerative disorders,
and Youdim and colleagues are now testing
rasagiline—as well as related compounds
they’ve created recently that are even more
effective at binding iron—in animal models
of Alzheimer’s and Huntington’s disease.

More than glue

The most speculative links between glia and
human disease concern psychiatric disorders
such as schizophrenia and depression. Post-
mortem studies of patients with schizophre-
nia, bipolar disorder, and depression have
turned up oddities in the numbers of glia in
brain regions implicated in those disorders.
In 1999, for example, Grazyna Rajkowska of
the University of Mississippi Medical Center
in Jackson and colleagues reported that peo-
ple with major depression had at the time of
their death low glial cell counts in certain

=
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oligodendrocyte functions including myeli-
nation and cell communication were altered
in postmortem temporal cortex tissue of
patients with major depressive disorder.

“So far, the data look quite intriguing in
terms of glia in postmortem brains,” says psy-
chiatrist Husseini Manji of the National Insti-
tute of Mental Health in Bethesda, Maryland.
But he adds that at this point, hypotheses
about how glial deficits might lead to psychi-
atric symptoms are “very preliminary.”

That’s not to say researchers lack theo-
ries. Astrocytes control the amount of gluta-

Suspicious disappearance. The loss of astrocytes (dark masses) may contribute to depression.

areas of the frontal cortex, including regions
thought to be important for cognition, mood,
and motivation.

Since then, Rajkowska’s lab has found
evidence that AWOL astrocytes account for
those low glial counts and that astrocyte
counts are particularly low in depressed peo-
ple who die young (often by suicide).
Because astrocytes help stabilize the envi-
ronment for neurons and provide them with
growth factors, Rajkowska speculates that an
early deficit in astrocytes could debilitate
neural circuits in brain areas involved in reg-
ulating mood. “I believe everything starts
with glial pathology,” she says.

In other postmortem studies, Joseph Price,
a neuroanatomist at Washington University in
St. Louis, Missouri, and colleagues have found
deficits in oligodendrocytes in the frontal cor-
tex of depressed patients. Last year they
reported a 20% to 30% reduction in the num-
ber of oligodendrocytes in the amygdala, a key
emotion center. Price speculates that because
oligodendrocytes provide the critical insula-
tion on axons, the deficits could contribute to
depression by causing faulty wiring in mood-
related brain areas.

A DNA microarray study published in the
March issue of Molecular Psychiatry further
implicates oligodendrocyte abnormalities in
depression. A team from Wyeth Research in
Princeton, New Jersey, and the National Insti-
tute on Drug Abuse in Baltimore, Maryland,
found that the activity of 17 genes related to

mate at synapses, and abnormalities in lev-
els of this neurotransmitter have been tied to
a variety of psychiatric disorders, including
depression, anxiety, and schizophrenia
(Science, 20 June 2003, p. 1866). Astrocytes
also recycle other neurotransmitters impli-
cated in psychiatric disorders. In the last few
years, a research team led by Masato Inazu
of Tokyo Medical University in Japan has
identified several transporters on astrocytes
that take up serotonin, dopamine, and other
so-called monoamine neurotransmitters.
Many existing psychiatric drugs tweak lev-
els of these neurotransmitters, and Inazu and
colleagues have found that some antidepres-
sant drugs alter activity of those astrocyte
transporters. “Many of the drugs we already
have might conceivably work on glia, and
people just haven’t realized it yet,” says
Ben Barres, a glial biologist at Stanford
University in California.

Given the fairly modest healing abilities
of current neuropsychiatric drugs,
researchers think the glial leads are well
worth pursuing. “There are many more glial
cells in the brain than there are neurons, and
they’re not just glue,” says Robert
Schwarcz, a pharmacologist at the Mary-
land Psychiatric Research Center in Balti-
more. “They’re actively participating in
many important functions, and if anything
goes wrong with them, there’s going to be
dysfunction and disease.”

—GREG MILLER

TEAM LING - LIVe, Informative, Non-cost and cenuine !

[www.sciencemag.org|

SCIENCE VOL 308 6 MAY 2005

781


http://www.sciencemag.org

782

Embryologists Polarized Over
Early Cell Fate Determination

Scientists are trying to determine when the first asymmetry occurs in the mouse
embryo, but the embryo has so far thwarted their efforts

Embryologist Hans Spemann famously
pointed out 60 years ago that we are standing
and walking with parts of our body that would
have been used for thinking had they devel-
oped in another part of the embryo. Yet scien-
tists still aren’t sure when the cells in a mam-
malian embryo start to take on the individual
identities that will determine their

eventual fates in the organism.

Currently, a debate is
raging over the answer to
this question. Some
embryologists think
that even the earli-
est cells have, if
not an immutable
destiny, at least
a tendency to
form one part
of the embryo
or another. Not
everyone is con-
vinced, however,
and in recent months
researchers have pub-
lished a flurry of papers
laying out their evidence that
the earliest embryonic cells do—
or don’t—carry inherent preferences that
tilt them toward one destiny or another.

The studies address one of developmental
biologists’ most fundamental questions:
How can a single cell—the fertilized egg—
give rise to embryos and later animals with a
distinct front, back, top, and bottom? In some
species, the answers are well known. The
unfertilized fly egg, for example, already
contains concentrations of proteins in differ-
ent regions that influence the eventual loca-
tion of the fly’s head and posterior. In frogs,
one of the first events after fertilization is the
development of a prominent “gray crescent”
on the side of the egg opposite where the
sperm has just entered, which contains key
signals crucial for development.

But pinning down what happens in the
mammalian embryo has always been much
more difficult. In the first place, the eggs
of mammals are tiny—Iess than one-
thousandth of the volume of a frog egg. And
their embryos inconveniently develop inside
the mother’s body, making direct observa-
tions in the embryo’s natural environment
extremely difficult. What is certain is that the

cells of mammalian embryos are much more
flexible than those of their amphibian or
insect counterparts. Scientists can take a
two-, four-, or even eight-cell mouse embryo,
tease the cells apart, recombine them with
cells from another embryo, and produce a
healthy mouse. In frogs and fish, such tricks
yield animals with two heads or other
major abnormalities.
For decades, those
experiments led most
scientists to assume
that the cells mak-
ing up an early
mouse embryo
are equivalent,
and that the
first signs of
embryonic pol-
arity—having
an up-down or
left-right axis—

Predestined? Sci-
entists are debating
whether the first two cells
of a newly created mouse
embryo have a tendency toward
different fates in later development.

appear in the blastocyst, a slightly oblong
ball of a few dozen cells that forms about a
week after fertilization. “The paradigm has
been that [the mouse embryo] is a blank
sheet until you start to make the blastocyst,”
says developmental biologist Janet Rossant
of the Samuel Lunenfeld Institute at the
University of Toronto, Canada.

By that time, cells have developed into at
least two types: those of the inner cell mass,
which will form the fetus as well as parts of
the placenta and surrounding tissues, and
the trophoblast cells, which will form much
of the placenta but will not contribute to the
developing fetus. At this stage, the embryo
has a clear polarity: The inner cell mass
clusters at one end of the blastocyst, which
developmental biologists call the embry-
onic side, and the other half, called the
abembryonic side, contains a hollow cavity
called the blastocoel.

But over the past decade, several groups
probing the embryo’s earliest stages have
found evidence suggesting that the

embryo’s directionality might arise well
before blastocyst formation. Some of the
first hints came from Richard Gardner’s lab
at the University of Oxford in the United
Kingdom. In 2001, he and his colleagues
reported experiments in which they used
tiny drops of oil to mark the two cells pro-
duced by the first division of the fertilized
mouse egg. The researchers found evidence
that the “equator” created by the first cell
division tends to be roughly in the same
plane as to the equator dividing the embry-
onic and abembryonic regions of the blasto-
cyst, leading them to wonder if the egg itself
might have north and south poles that influ-
ence the fate of cells derived from one
hemisphere or the other. “It took 5 years to
publish because I didn’t believe it myself,”
Gardner says.

At about the same time, Magdalena
Zernicka-Goetz and her colleagues at the
University of Cambridge, UK., started to
look at exactly where the progeny of
the embryo’s first two cells end up. In
2001, they reported in Development that by
carefully marking the sister cells with dif-
ferent-colored dyes, they found that the
descendents of one tend to form the embry-
onic side—whereas the other gave rise to
the abembryonic side. That suggested, the
authors said, that from the first division on,
the embryo has a polarity of its own.

Later that year, the team reported results
from a complex and marathonlike set of
experiments to see if cells in the four-cell-
stage embryo are distinguishable from one
another. To identify the four cells repro-
ducibly, the researchers took advantage of
the fact that the mouse egg itself is not per-
fectly symmetrical. It remains attached to
the so-called second polar body, which con-
tains genetic material ejected during the
egg’s maturation. The side with the polar
body is called the “animal” pole, whereas
the opposite side is called the “vegetal” pole.

According to Zernicka-Goetz and her col-
leagues, the two cells formed by the first cell
division almost always divide with their cleav-
age planes roughly perpendicular to each
other. One division follows the longitude of the
oocyte and the other the latitude, so that the
four-cell embryo consists of one cell contain-
ing mainly animal cytoplasm, one with mostly
vegetal cytoplasm, and two cells containing a
mix of animal and vegetal cytoplasm.

In experiments that began at 6 a.m. and
ran for nearly 20 hours, Zernicka-Goetz,
Karolina Piotrowska-Nitsche, also at Cam-
bridge, and their colleagues carefully
tracked the divisions of early embryos,
broke them apart at the four-cell stage, and
created embryo chimeras with known com-
positions of the different cells. In previous
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experiments in which chimeric embryos
were created by randomly mixing cells from
four-cell embryos, nearly all the chimeras
developed normally.

In contrast, the Cambridge team found
that none of the chimeras made from cells
that contained predominantly vegetal cyto-
plasm developed when implanted into fos-
ter mothers. Chimeras containing predomi-
nantly animal cytoplasm developed about
25% of the time, and those containing cyto-
plasm from both hemispheres developed
87% of the time—a result comparable to
that of the random mixing experiments.

“The result shocked us,” says Zernicka-
Goetz. “It certainly isn’t what we expected.”
But she says further studies support the result.
Last month, she and Piotrowska-Nitsche
reported in Mechanisms of Development that
the predominantly “vegetal” cell of the four-
cell embryo contributes almost nothing to the
inner cell mass of the blastocyst.

None of the rules her team has identified
are hard and fast, Zernicka-Goetz admits.
And she acknowledges that many scientists
continue to believe that because early cells
are so flexible, there is no underlying pat-
tern in the egg or early embryo. However,
she says, “the other possibility is that there
is a pattern, but not a determinant pattern—
that you have a set of biases that push cells
toward a certain path. We think we have evi-
dence that this is closer to the truth.”

Davor Solter of the Max Planck Institute
for Immunobiology in Freiburg, Germany,
is one of those who is not yet convinced.
Indeed, he disputes most of Zernicka-
Goetz’s conclusions. For one, he and his
colleague Takashi Hiiragi, also at the Max
Planck Institute for Immunobiology, find
no tendency for the first cell division to

Embryonic region

Includes inner

cell mass

Extraembryonic

cells

Required for

implantation

. EMBRYONIC-

ichE ABEMBRYONIC
AXIS

Early patterns. The blastocyst-stage embryo
has distinct embryonic and abembryonic poles.

the center of the cell. They claim that the
polar body, which starts out marking the
so-called animal pole, actually moves
toward the cleavage plane in about half of
the embryos they observed, which might
have influenced the observations that Gard-
ner and Zernicka-Goetz report.

And for another, Solter and Hiiragi don’t
see evidence that the first cell division cor-
relates with the later axis of the blastocyst.
One factor that might be complicating the
experiments is the dynamic movements of
the embryos as they develop. Solter says
that “these embryos are like spinning yo-
yos” in the time-lapse movies, which makes
it nearly impossible to keep track of the
angle of the original cell divisions.

Solter, Hiiragi, and several colleagues
also report in the 1 May issue of Genes and

Axis of disagreement. In some experiments in which one cell of the two-cell embryo is stained red
and the other blue, the progeny of one cell tends to form the embryonic region of the blastocyst,
whereas the other gives rise to the abembryonic region (micrograph on left). In other embryos
(middle and right), the line is more difficult to draw. (DNA is stained green.)

occur on a plane perpendicular to the
animal-vegetal equator. In contrast, they
reported in Nature last year that in their
time-lapse recordings of the first cell divi-
sion, the angle of division is mostly influ-
enced by the relative location of the sperm
and oocyte pronuclei as they move toward

Development that they can find no evidence
that one sister cell contributes preferentially
to one end of the blastocyst or the other. In
these experiments, the team used dye tech-
niques similar to those of Zernicka-Goetz to
mark cells at the two-cell stage and then
filmed embryos using time-lapse photogra-

News Focus

phy for 3 days as the two cells grew into
blastocysts. But the results showed no clear
pattern of daughter cells in the resulting
blastocysts, Solter says.

Some of the blastocysts did show patterns
similar to those Zernicka-Goetz reports,
Solter acknowledges, but they were a minor-
ity. Only about 25% of the embryos they
observed had blastocysts in which the daugh-
ter cells sorted predominantly into the embry-
onic or abembryonic part—far less than the
nearly 70% reported by Zernicka-Goetz and
other groups. Solter, Hiiragi, and their col-
leagues propose that mechanical forces on
and within the developing embryo determine
its eventual polarity. But Zernicka-Goetz says
her team used a different method of measur-
ing the boundary between the cell types, by
painstakingly counting cells at different lay-
ers in the blastocyst. “I would be very inter-
ested to ask them to analyze their data in the
same way,” she says. “Only then can we really
compare our results.”

For his part, Gardner is taking something
of a middle ground. “There is undeniable
evidence that there is prepatterning” in the
embryo, he says. But different techniques
used in different labs—and the inherent
flexibility of the embryo itself—make it
very difficult to determine exactly how
much. For example, he says, his lab, like
that of Zernicka-Goetz, continues to see a
consistent pattern between the plane of the
first cell division and the shape of the blas-
tocyst. But, Gardner adds, in his lab “we
don’t see a shred of evidence” that the cells
of the four-cell embryo are different.

If there is one point on which all parties
would agree, it’s that the techniques used so
far make clear answers extremely hard to
come by. “When people observe embryos,
there’s always a lot of variability,” says the
Lunenfeld Institute’s Rossant. “If you’re
looking for a certain result, you’ll see it, but
there will always be some results that do not
fit.” So far, she says, “you have to say that
arguments on both sides are inconclusive.”

The definitive experiment, Rossant and
others say, would be to identify a gene or
protein, like those already identified in frog
or fly embryos, that clearly marks the fate of
different early embryonic cells. Zernicka-
Goetz and her colleagues are searching for
such a factor, she says, looking for differ-
ences in gene expression signatures, or in
more subtle modifications of the cell’s inter-
nal architecture. If the genetic search is suc-
cessful, Solter says, he will be convinced. If
someone could find a gene expressed in a
specific region of the egg—or in one early
cell and not others—and if removing that
gene interrupts development, “then
absolutely, prepatterning is proven,” Solter
says. “If such a gene exists, it will be found.”

—GRETCHEN VOGEL
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Electronic Paper: A Revolution
About to Unfold?

Developers have high hopes for paper-thin flexible displays, but some technologists say
"killer apps" to drive the technology remain to be found

CREDIT: COURTESY OF POLYMER VISION

In an exhibition hall at the 2005 World Expo-
sition in Aichi, Japan, a gigantic newspaper
covering more than 5 square meters delivers
the news to passersby in crisp black and
white. Unlike a traditional broadsheet, which
goes from printing press to trash bin within a
few hours, the Yomiuir Global Newspaper
never becomes old news. Instead, the display
rewrites itself electronically twice a day,
keeping readers up-to-date without
generating wastepaper. But the

real message is the medium

itself: Electronic paper is coming.

Produced by Japan’s TOPPAN
Printing Co. and the American
high-tech firm E Ink, the newspa-
per is just one of several demonstra-
tions, prototypes, and products featur-
ing the new technology. Already, elec-
tronic paper signs direct students across
college campuses and passengers through
the East Railway Station in Berlin. Japan’s
Sony Corp. sells a tabletlike device that
stores and displays whole books, and last
year the Netherlands’ Royal Philips Elec-
tronics unveiled a prototype of a fully flexi-
ble sheet of electronic paper. Requiring far
less power and potentially cheaper than con-
ventional flat-panel displays, electronic
paper could change how consumers view the
world. But even as the budding technology
emerges from the laboratory, technologists
are debating a crucial question: Is there
really a need for electronic paper?

“The problem is that nobody can think of
anything new that genuinely needs the flexi-
bility,” says Kim Allen, an industry analyst
with iSuppli Corp. in Santa Clara, California.
“All the things that are technically possible
are well served by rigid displays.” But
Michael McCreary, a chemist and vice presi-
dent for research and advanced development
at E Ink in Cambridge, Massachusetts, says
electronic paper will be so versatile it will cre-
ate its own need. “It’s going to do things that
cannot be done with either paper or displays
today,” he says. “I think that this is going to
create a revolution.” Developers envision
smart signs and high-tech scrolls that relegate
newspapers and books to the recycling bin of
history. Still, they must overcome several stiff
technological challenges before pliable elec-
tronic paper is ready for mass production.

%

And neither book publishers nor bookies
know which applications of electronic paper
are sure bets or how they’ll pay off.

Electric ink and organic circuits
In spite of its name, electronic paper is the
technological cousin of the flat-panel com-
puter screen. A computer’s liquid crystal
display (LCD) consists of two
sheets of glass sandwiched
around a layer of tiny

The dream. Artist's
conception of an
electronic paper display.

transistors and a layer of liquid crystal mate-
rial—a soup of rodlike molecules that snug-
gle together a bit like sardines in a can. The
screen is illuminated from behind, and ordi-
narily the molecules let light pass through
them. But when a transistor applies a volt-
age to a point on the screen, or pixel, the
molecules rearrange themselves to block
the light and darken the pixel. Filters tint the
light from neighboring pixels red, blue, or
green to create a color image.

In electronic paper, too, each pixel
changes color when a voltage is applied.
But instead of emitting light, electronic
paper merely reflects it, dramatically reduc-
ing power consumption. A pixel in elec-
tronic paper also holds its color without
voltage. Thanks to such “bistability,” elec-
tronic paper uses power only when the
image on it changes. All told, electronic
paper may use less than 1/10,000 as much
power as a computer’s LCD.

Researchers are developing several dif-
ferent technologies for the color-changing

electronic ink. E Ink’s “electrophoretic”
material consists of microcapsules embed-
ded in a plastic sheet, each filled with a clear
liquid and submicrometer-sized particles,
some colored black and others colored
white. The black and white particles carry
opposite electric charges; a pulse of voltage
from the underlying transistor can make the
white ones rise toward the surface of the dis-
play and the black ones sink away from it, or
vice versa. Gyricon, a subsidiary of Xerox
Corp. based in Ann Arbor, Michigan, does a
similar trick with plastic spheres about
100 micrometers wide, each half black and
half white with opposite electrical charges
on the two sides. The spheres simply flip in
response to a pulse of voltage. E Ink’s and
Gyricon’s products provide better contrast
than a computer’s or cell phone’s LCD and
can be read even in direct sunlight. But for
the moment, both are essentially black-and-
white technologies that switch pixels too
slowly to show moving images.

Others are taking different tacks. NTERA,

a high-tech company based in Dublin, Ire-
land, makes bistable displays that employ
“electrochromic” dyes: molecules that
switch from transparent to specific
colors when they absorb electric
charge. In contrast, Kent Displays
Inc. in Kent, Ohio, has developed a
reflective LCD that is bistable.

Creating a truly paperlike, flexible dis-
play poses equally challenging technical
problems. The problem lies behind the elec-
tronic ink, in the “backplane” of transistors
that activate it. That’s because the crystalline
silicon from which transistors are usually
made is brittle and must be deposited on a
stiff substrate such as glass.

To make a flexible backplane, researchers
are developing materials such as non
crystalline amorphous silicon, says Zhenan
Bao, a chemist at Stanford University in Cali-
fornia. Perhaps most promising, she says, are
plastics that have electrical properties similar
to those of silicon. Such “organic semicon-
ductors” bend easily and can be deposited on
flimsy plastic substrates. And in theory, Bao
says, a simple inkjet printer could lay down
organic circuits much more cheaply than the
complicated multistep process now used to
etch circuits into silicon.

Philips and E Ink have teamed up to make
a flexible electronic paper display driven by
organic semiconductors. The low-resolution
screen, roughly as thick as a sheet of printer
paper, measures 12.7 centimeters along the
diagonal and rolls up into a tube 1.5 cen-
timeters wide. Philips envisions using the
screens for retractable displays on hand-held
devices and plans to begin design for pro-
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Shrinking Dimensions
Spur Research Into

Ever-Slimmer Batteries

As electronic devices shrink toward paper-thin-
ness, researchers and companies around the
globe are scrambling to come up with novel
materials and designs for two-dimensional
batteries to power them.

Like their 3D cousins, so-called flat bat-
teries convert chemical energy to electricity
by making an electrical connection between
a negative electrode, or anode, and a positively charged electrode,
called the cathode. Electrons flow from the cathode to the anode
through a conductive material, known as an electrolyte. In flat batter-
ies, however, each layer is often mere micrometers thick.

Companies already sell a variety of rechargeable and non-
rechargeable flat batteries. Most serve low-power applications such
as electronic ID tags and “smart” credit cards sporting tiny displays.To
increase the output appreciably, technologists would have to spread
the batteries out over much larger areas—a move that would either
leave them thin and flimsy or require bulky, heavy shielding.

To get around this problem, Larry Dubois, a chemist at SRI Inter-
national in Menlo Park, California, and colleagues are working on a

Never too thin. Spray-on techniques could make “flat” power
sources like this Solicore battery look positively chunky.

for printing multiple thin batter-
ies atop one another. The setup
uses a device resembling a com-
puter-controlled ink-jet printer
to lay down successive layers of
liquid precursors for the elec-
trodes and electrolytes of a
rechargeable lithium-ion battery.
The setup makes it relatively
straightforward to layer multiple
thin cells to improve both the
total amount of power they can
hold and the maximum voltage they can supply. The battery is then
encased in a plastic housing. Because printing technology tends to be
far cheaper than the traditional vacuum-deposition techniques used
in battery manufacturing, the new technique could sharply reduce
the high cost of lithium batteries. The computer can also spray down
batteries to fit any shape. “We've even written the text of the Decla-
ration of Independence” as a battery, Dubois says.

In a second twist, Dubois’s team has recently created batteries
coated atop thin fiber-based electrolytes. The work is at an early
stage, but the researchers hope to create batteries that can be inte-
grated directly onto structural materials, such as the plastic fibersin a
laptop case. That way the material that provides structural support

786

couple of possible fixes. First, Dubois’s team has developed a scheme

duction this year, says Hans Driessen, a
spokesperson for Philips Research in Eind-
hoven, Netherlands. Philips guarantees the
screen will roll and unroll at least 2000 times
before it conks out—which may not be
enough for people who make 10 calls per
day from their cell phones.

To market, to market ...
Electronic paper may some-

day rewrite the concept of

the book, but to bring the
technology to market,
developers are using it first

to spruce up the humble
store sign. Gyricon sells a
wirelessly programmable
sign for $1295 and has
developed a system to
control multiple signs =
from a central location.

“The reason retailers do a 3-day
sale is it takes a day to put up the
signs and a day to take them
back down,” says Jim Welch,
director of marketing and com-
munications at Gyricon. “This
opens the way for having an
instant sale.” However, systems
using smaller LCD shelf labels
already exist.

Developers also hope to pro-
duce larger, lower-power, and eas-
ier-to-read displays for cell phones
and other hand-held devices. E Ink
has positioned itself to sell its elec-
tronic ink by the sheet as a com-

modity to electronics manufacturers. The com-
pany already supplies the displays for Sony’s
LIBRI¢ electronic book reader. Introduced last
year and sold only in Japan, the LIBRI¢ weighs
300 grams, holds 10 megabytes of text, and can
flip more than 10,000 virtual pages before
draining its four
AAA batteries. Still,
the book reader looks
less like a new type
of paper than a
black-and-white sub-
species of personal
digital assistant.
Ultimately,
developers envi-
sion a kind of smart
scroll that down-
loads newspapers,

On track? Hand-held book readers and railway station signs
may pave the way for markets for electronic paper.

for the computer could power it as well.

—ROBERT F. SERVICE

magazines, and books wirelessly, says
Nick Sheridon, a physicist at the Palo
Alto Research Center in California and
inventor of Gyricon’s technology. Sheri-
don doubts electronic paper will ever
entirely replace paper. “There are books
that I will always want on paper,” Sheri-
don says. “But I don’t think that anyone is
so attached to their newspaper.” If it lives
up to its promise, electronic paper could
slash newspaper companies’ printing and
distribution costs, says George Irish,
president of Hearst Newspapers in New
York City, which invests in E Ink. “It’s
certainly a technology that we want to
involve ourselves in, at least on a test
basis,” he says.

To turn their prototypes into commercial
products, though, developers will have to
learn to make electronic paper cheaply and
in large quantities and build a manufactur-
ing infrastructure capable of challenging
existing display technologies. All that could
take years, says Stewart Hough, an industry
consultant with Advanced Technology
Applications in Madera, California. Still,
Hough says, companies such as E Ink and
Gyricon have found market niches that
should keep them afloat until the technol-
ogy matures. “You’ve got to fund your
habit,” he says. And even skeptics expect
the first bona fide electronic paper products
to reach the market within a decade or so.
Electronic paper is coming. The question is
when will it arrive—and what will it do
when it gets here?

—MARIE GRANMAR AND ADRIAN CHO
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Atmospheric Science

Changes in the Sun May Sway
The Tropical Monsoon

Oxygen-isotope patterns in a stalagmite from a cave in southern China indicate that the
sun is one of the main drivers of tropical monsoon variations over the centuries

CREDIT:Y.WANG ETAL.

Scientists have long presumed that a change-
able sun might influence climate. Decades
before satellite observations in the 1980s
showed slight fluctuations in our star’s bright-
ness, researchers were hunting for evidence
of a sun-climate connection. That
search has made halting progress,
however. Researchers have had
trouble finding both proof of such
a connection and an explanation
for how it might work. 4

Now evidence is accumulating ¥
that solar variations have altered 4/
at least one aspect of climate, the
rain-laden monsoonal winds that
sweep in from the sea around the /1]
tropics. And there’s even a new
mechanism for the observed sun-
monsoon link. The latest evidence
“is kind of selling me on [a sun-
climate link],” says longtime
doubter Gerald North of Texas
A&M University in College 143
Station. Still, he adds, “the big 4
mystery is that the solar signal
should be too small to trigger any-
thing” in the climate system.

The latest and some of the best |
evidence for a sun-monsoon link J N
comes from a rock grown in a | [F
cave in southern China. On page
854, geologist Yongjin Wang of
Nanjing Normal University in
China and colleagues at Nanjing
and the University of Minnesota,
Twin Cities, report their analysis
of a meter-long stalagmite that
grew during the past 9000 years in
Dongge Cave. Each added layer of
carbonate mineral recorded the
oxygen-isotope composition of
the monsoon rains that were
falling on southern China at the
time, dissolving carbonate rock
and redepositing that mineral as a
stalagmite at about 100 micro-
meters per year. Monsoon rains
upwind of the cave lighten the
oxygen isotopes of rain falling at
Dongge. So, the lighter the stalag-
mite oxygen isotopes are, the wet-
ter the summer monsoon was
when that bit of stalagmite

U cm

Millennial rains. This
cross-sectioned stalag-
mite recorded 9000 years
of rain influenced by solar
variations.

formed. The team dated the layers radiometri-

cally, using uranium and thorium isotopes.
The stalagmite revealed that cycles of
558, 206, and 159 years, on average, are
superimposed on a jumble of variations in
monsoonal rains since the last
A ice age. These climate period-
A icities resemble those in the
record of varying carbon-14
. in tree rings, the authors note,
cycles widely attributed to
variations in solar activity. In
N fact, the two records have a
half-dozen periodicities in
common. “This matching
suggests that the intensity of
| the summer [East Asian]
' monsoon is affected by solar
activity,” says Minnesota
team member Hai Cheng.
“The sun is one of the
main drivers” of monsoonal
climate change on centennial

time scales, he says.

That’s a strong contention
‘-r in a field littered with
y debunked claims and disap-
3 pearing correlations, but the
A existence of a solarlike signal
in monsoon climate records is
getting hard to ignore. “The
correlation is very strong” in
the Dongge record, says
'l North. “I find it very hard to
' refute.” “This is probably the
best monsoon record I’ve
seen,” adds paleoclimatologist
Dominik Fleitmann of Stan-
ford University in Palo Alto,
California. “Even better than
ours.” That was a stalagmite
record from southern Oman,
5000 kilometers to the west
under the Indian Ocean mon-
soon, published in Science in
2003. It too showed solar sig-
nals, as have two other stalag-
mites from Oman, lake sedi-
ment records from East Africa
another couple of thousand
kilometers to the west, and a
just-published second stalag-
mite record from Dongge.

“Now we can ask the modeling community to
provide a mechanism” for linking solar activ-
ity and the monsoon, Fleitmann says.

As it happens, modelers do have a new
sun-monsoon mechanism to offer. Gerald
Meehl of the National Center for Atmos-
pheric Research (NCAR) in Boulder, Col-
orado, and colleagues published a study in the
Journal of Climate in 2003 in which they
traced the effects of a brighter sun through the
climate system. In their model, increased
solar irradiance amplified the heating of the
relatively cloud-free subtropics, which
boosted evaporation there. When winds car-
ried the additional moisture into monsoon
regions, it condensed, increasing monsoonal
rains and intensifying the winds that drive the
whole system.

Meehl, meteorologist Harry van Loon of
Northwest Research Associates in Boulder,
and meteorologist Julie M. Arblaster of
NCAR have now found signs in the real
atmosphere of what appears to be their
model’s sun-monsoon mechanism at work.
Writing in the December 2004 Journal of
Atmospheric and Solar-Terrestrial Physics,
they report that the whole tropical circulation
system that feeds monsoons around the world
intensified and weakened over the past
50 years in step with the 11-year solar cycle.
When the sun was brightest, rains were heav-
ier not just in the Indian monsoon but in
almost every region of localized tropical pre-
cipitation around the world, from the North
American monsoon (in the American South-
west) to the Sahel of West Africa.

Things may be looking up in sun-climate
relations, but in this field especially, looks can
be deceptive. In sun-climate, “just when you
think you’re making progress on one front,
something on another front falls apart,” says
solar physicist Judith Lean of the Naval
Research Laboratory (NRL) in Washington,
D.C. Modelers, including Meehl, have been
using her estimates of the sun’s brightness
variations centuries before satellite observa-
tions to try to match the timing and magnitude
of past climate variations.

Now Lean questions her brightness esti-
mates. She based them on the analogy of solar
brightness with the brightness distribution of
sunlike stars, but that analogy is not holding
up, she says. With NRL colleagues Yi-Ming
Wang and Neil Sheeley, she will shortly pub-
lish revised estimates, based solely on known
behavior of the sun, that are only one-quarter
the size of her star-based estimates. “Until we
know what the carbon-14 record is telling
you, all this has some uncertainty,” Lean says.
“We have a lot to learn about the sun before
we know what the past irradiance was.”

—RICHARD A. KERR
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Edited by Constance Holden

Mystery Toad Blowups

It isn't easy being green, as the saying goes.That's especially true if you're a toad in
Germany. Over the past week, toads have reportedly been spontaneously
exploding around a small pond in an upscale Hamburg suburb. Observers report
that the amphibians crawl out of the water, swell to several times normal size,
and then burst, their guts shooting a meter into the air. More than 1000 carcasses
have been collected so far. The area has been dubbed the “Pond of Death” and

closed to the public.

The Hamburg Conservation Alliance is organizing an investigation, but so far
scientists are stumped. The top theory was that a pathogenic fungus from South America known to cause bloating had found its way
into the pond via foreign horses at a nearby racetrack. But no traces of the fungus, or of any foreign bacterium or virus, have been
found in the tissues of exploded toads. Nor have any toxins been found in tests of the water or in other pond organisms.

A Berlin veterinary surgeon has suggested that crows peck holes in toads to get at their livers, and the toads swell up in self-defense.
But experts are skeptical. Samples of exploded toad tissue are being sent to labs, and it may take weeks to clear up the mystery. Michael
Berrill, an amphibian pathologist at Trent University in Peterborough, Canada, says he “would have to see it to believe it.” Although he's
seen frogs bloated from bacterial infections, he’s never seen an inflated toad.

Camera Unobscura

Using a technique developed to analyze
satellite photos, scholars have read hereto-
fore undecipherable fragments of ancient
papyrus and have discovered snatches

of lost texts by Sophocles, Lucian, and
Euripides, among other treasures.

The fragments are from the famed
Oxyrhynchus Papyri, 400,000 written arti-
facts that were dug up from rubbish heaps
around the ruins of the eponymous Egyptian
city a century ago. The collection includes
official documents, private letters, lists, and
literature, and
it has already
given scholars
unparalleled
© ¢ insightinto
daily life in the
M{?%1 . ancient provin-

: bt ‘::E?fﬁ cial capital.
e e\.\dl"Jt';?{: But many bits
of the papyri

are too badly
discolored to
read, says Dirk
Obbink, a
classicist at
Oxford Uni-
versity in the
U.K., which
houses the
collection.
Obbink
enlisted elec-
trical engineer
Gene Ware and
colleagues at

Top image yields
more from a lyric
poem by Ibycus.

Brigham Young University in Provo, Utah,
to study samples using multispectral
imaging. The researchers took multiple
digital photographs of each piece. Each
photo captured light of a different wave-
length, and by analyzing the images, the
researchers could see through the grime
and enhance the contrast between ink
and papyrus. That increased the number

of readable bits by about 20%, Obbink
says. The findings will be published this
summer by the Egypt Exploration Society
in London.

Even though most pieces contain only a
few sentences or words, says Todd Hickey, a
papyrologist at the University of California,
Berkeley, “you'd be surprised how much you
can get out of a postcard-sized fragment.”

Wind Power in Wordsworth Country

Two major environmental groups are telling Brits who would live near a proposed wind farm:
Yes, in your backyard. Although known for protecting open spaces against development,
London'’s Greenpeace U.K. and Friends of the Earth have now endorsed plans for a wind farmin
the north of England."It’s not often we're supporting a particular development,” says Douglas
Parr, chief scientist at Greenpeace U.K."But we need energy.”

The project would dot 27 turbines across
a windswept 4-kilometer stretch of country-
side in the Lake District, the bucolic landscape
in which the poet William Wordsworth lived
and drew inspiration. The setup, near Tebay,
would provide up to 80 megawatts of power,
enough for at least 47,000 homes, the devel-
opers say.

Some conservation groups are protesting
the incursion, saying that the white,
110-meter-tall turbines will spoil the scenery
and hurt tourism. "It is a relatively wild land-
scape” that should stay free of “manmade
structures,” says Ken Burgess of the UK. gov-
ernment’s Countryside Agency. The agency
was to vote this week on whether to attempt

e e e P

Photomontage put together by
wind-farm opponents. (Turbines
are scaled to about projected size.)

to block the development by recommending designation of the area as a national park.

The U.K. Department of Trade and Industry will decide whether to approve the plan
pending a 7-week public inquiry. Such projects are a step toward reaching the government’s
goal of raising the proportion of electricity the country gets from renewable sources from

3% to 10% by 2010.
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Skyward. A former high

Cause for cheer. Biologist Adnan

Back in business. After 4 years  school science teacher will Badran has already spent much of his
in academia, computer scien- take over the Multi-Mirror career boosting science in Jordan by
tist and entrepreneur Jeong Telescope helping establish two universities and
Kim is returning to Lucent (MMT) authoring 15 textbooks. Now, he has a
Technologies in Murray Hill, Observa- chance to take it to the next level as
New Jersey, as president of tory atop the first scientist to lead the Jordanian
Bell Labs. He succeeds James Mount government.
O'Shea, who's retiring after Hopkins Badran, 70, who last month was
33 years at the company. in Amado, appointed prime minister by Jordan’s
A former nuclear submarine Arizona. monarch, King Abdullah II, says his
officer for the U.S. Navy, Kim It will be a first goal will be to double the science
entered the corporate limelight homecom- budget from its current $100 million.
in 1992 when he founded ing of sorts In addition to combating a chronic
Yurie Systems Inc., a high-tech for Faith brain drain, Badran is looking for
communications equipment Vilas, 53, “some big, cross-disciplinary projects

company. In 1998, he made a
fortune and was absorbed into
Lucent when the telecom giant
acquired Yurie Systems Inc. for
$1 billion. He later served as

president of Lucent’s Optical
Network Group before joining
the University of Maryland,
College Park, in 2001.

"

Kim's “considerable experi-
ence, entrepreneurial spirit,
and proven track record in
both commercializing new
technology and leading high-
performance technical teams”
make him an ideal choice for
the job, says Patricia Russo,

who helped detect Neptune's
rings in 1984 while a doctoral
student at the University of
Arizona in nearby Tucson.
Now leader of the planetary
astronomy group
at NASA's Johnson Space
Center in Houston,
Texas, Vilas hasn't been
around telescopes in
years. But selection
committee members
say her technical and
managerial expertise
make her a perfect
choice to head the
facility, run jointly
by the Smithsonian
Institution and the
University of Arizona.
“The MMT represents
some of the finest facili-
ties that astronomy has
today,” Vilas says about
the combination of a 6.5-meter
telescope and a collection of
instruments. A Japanese mission
to rendezvous with an asteroid
in September will keep her busy
until December.

AWARDS

e Forest ecologist Jerry
Franklin, theoretical physicist
Sidney Drell, and condensed

that will get our scientists working together.” His wish list
includes solar energy, salt-resistant crops, and a controversial
plan to replenish the Dead Sea by connecting it to the Red Sea.
He also hopes to preside this year over the start-up of the
SESAME synchrotron research facility.

“Financial times are rough here,” says Mohammad Hamdan,
a computer scientist at Yarmouk University in Irbid, Jordan, “but
now we have someone who will do his utmost for science.”

category for his contribution
to conserving America’s
forests; Drell in the public
policy sphere for his work on
reducing the danger and prolif-
eration of nuclear weapons;
and Dresselhaus in the category
of technology, the economy,
and employment for expand-
ing opportunities for women
in science. Each winner
receives $250,000.

® Massachusetts Institute of
Technology chemical engineer
Robert Langer has won the
$500,000 Albany Medical
Center Prize in Medicine and
Biomedical Research.

Inexpensive science.
A half-million-dollar
research award would
not go very farin
most scientific disci-
plines. But it can be
“a lifetime of funding

Science Foundation.

Dalton Conley is the first
sociologist ever to win the
prize, which has been awarded
annually since 1975to a
promising researcher age 35 or
under. A professor at New York
University, Conley receives
the honor for his examination
of how socioeconomic status
gets transmitted through
generations.

Besides being personally
rewarding, the award should
help counter the insecurity
that some sociology
researchers have about “not
being taken seriously as scien-
tists,” says Conley. He plans to
use the money,
which he will
receive over
3 years, to hire
more graduate
students and col-
laborate with biol-

chairperson and CEO of Lucent ~ matter physicist Mildred for a social scientist,” ogists on studying

Technologies. Dresselhaus are among the jokes the latest the effect of
winners of this year's Heinz winner of the AlanT. genes and envi-
Awards. Franklin receives the Waterman Award ronment on

Got any tips for this page? E-mail

prize in the environment

from the U.S. National

human behavior.
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Q. AAAS

Who’s making Science

a household name?

€€ | am always thrilled to receive my
personal edition of Science, which | consider
to be one of the best scientific magazines
on Earth. I read it undisturbed and absorbed
at home. Thank you, Science, for being so
informative, knowledgeable, and abreast of
times, and for giving me the intellectual
stimulation | crave. 99

Professor Fioretta Benedetto Mattia, AAAS member

AAAS is committed to advancing science and giving
a voice to scientists around the world. We work to improve
science education, promote a sound science policy, and
support human rights.

Helping our members stay abreast of their field is a
key priority for AAAS. One way we do this is through
Science, which features all the latest breakthroughs and
groundbreaking research, and keeps scientists connected
wherever they happen to be. Members like Fioretta find it
essential reading.

To join the international family of science, go to

[www.aaas.org/join.|

Fioretta Benedetto Mattia
at home in Milan, Italy

IMVAAAS

ADVANC NG SC ENCE SERV NG SOC ETY

www.aaas.org/join|
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Calling on Scientists
to Fight Budget Cuts

THE FUNDING LEVELS REQUESTED BY THE
Bush Administration for 2006 (“Caught in
the squeeze,” J. Mervis, News Focus, 11
Feb., p. 832) represent a decrease in science
and technology funding across the board.
This budget and its priorities do not bode
well for American science and technology
or for America’s scientists and science
students. Underfunding science and tech-
nology research and education today is
short-sighted. It puts our nation’s strong
global standing in science and technology
at risk now and in the future.

As ranking member of the U.S. House of
Representative’s Committee on Science
(which has jurisdiction over all nondefense
science research and development including
the National Science Foundation), [ am
familiar with the realities of our country’s
current fiscal crisis and attempts to “remedy”’
that situation by cutting “lesser priorities.”
I assure you that some Members of Congress,
including myself, are fighting to push
science and technology as a priority in this
and future budgets.

However, Congress cannot achieve this
alone; we must have your help. Adding
your voices to ours is essential in presenting
a unified front in support of additional
science and technology funding. In a time
of necessary fiscal restraint, advocates of
science must be vocal in communicating
science’s centrality to our nation’s future.
It must be clear that science is not just an
academic exercise.

The current downward trend in funding
can be reversed. The federal budget is not
irrevocably set and can be redrawn.
Researchers, students, faculty, this affects
you. Write, call, e-mail, and speak on the
importance of what you do for this nation’s
economy. Help us help you by being your
own unrelenting advocates.

BART GORDON*

Letters to the Editor

Letters (~300 words) discuss material published
in Science in the previous 6 months or issues of
general interest. They can be submitted
through the Web|(www.submit2science.org)|or
by regular mail (1200 New York Ave., NW,
Washington, DC 20005, USA). Letters are not
acknowledged upon receipt, nor are authors
generally consulted before publication.
Whether published in full or in part, letters are
subject to editing for clarity and space.

U.S. House of Representatives, Ford House Office
Building, H2-394, Washington, DC 20515, USA.
*U.S. Representative for Tennessee’s Sixth
Congressional District; Ranking Member, House
Committee on Science.

Establishing Indicators
for Biodiversity

IN THEIR POLICY FORUM “THE CONVENTION
on Biological Diversity’s 2010 target” (14
Jan., p. 212), A. Balmford et al. argue that
“conservation scientists have a lot to learn. ..
from economists” in regard to the estab-
lishment of indicators that are “rigorous,
repeatable, widely accepted,

LETTERS

IN THEIR POLICY FORUM “THE CONVENTION
on Biological Diversity’s 2010 target” (14
Jan., p. 212), A. Balmford et al. describe the
need for biodiversity indicators pursuant to
the Convention on Biological Diversity. They
identify gross domestic product (GDP), a
measure of economic growth, as a precedent-
setting indicator to be emulated by scientists.
We propose that scientists already possess
such an indicator, namely, inverse GDP.

As indicated by rising GDP, economic
growth entails increasing population times
per capita consumption (/). Technological
progress broadens the human niche (2);
economic growth is the process of filling
the broadened niche (3). Economic growth

and easily understood.” By 12,000 r 1,400
way of example, they refer to
gross domestic product 10,0001 f 1,200
(GDP) and write that the
« . . £ 1,000

global imperative to pro- 8,000
tect biodjversity and ecosys- | 800
tem services must become as 6,000
politically significant as - 600
economic growth...” 4,000+

GDP may be a repeatable Threatened and 400
and widely accepted meas- 2,000 endangered species | 5gg
ure, but it is not rigorous and
it is easily misunderstood. 0 . . . . . . —0
GDP measures a country’s 1972 1976 1980 1984 1988 1992 1996 2000
Year

dollar market value of legal,
final (nonintermediate)
goods and services pro-

U.S. GDP correlates with the number of U.S. threatened and
endangered species. GDP figures are in billions of dollars

duced during the course of

[(www.bea.doc.gov/bea/dn1.htm)]|Threatened and endangered

an accounting period, such

species are those listed by 31 December of the corresponding year

as one year. That can be a

[(http://ecos.fws.gov/tess_public/)]

problem. Consider two

examples: First, people become ill on
account of pollution and have to seek
medical treatment; more medical services
are produced and counted in GDP at their
market value. GDP rises. Economies grow.
But we are not better off for having been
polluted in the first place. Second, the more
wars we fight, the more funds governments
expend in the arms market, but we cannot
argue that states are better off for fighting
wars. Conversely, if we become healthier
and fight fewer wars, GDP falls and
economies shrink.

Economics can make tremendously
valuable contributions to biology, but GDP
and economic growth measures are not
among them.

JURGEN BRAUER
College of Business Administration, Augusta State
University, Augusta, GA 30904, USA, and Vice-Chair,
Board of Directors, Economists for Peace and
Security, Annandale on Hudson, NY 12405, USA.
E-mail{[brauer@aug.edu

entails the reallocation of natural resources
from the “economy of nature” and its non-
human species to the human economy (4).

The tight correlation (R? = 0.99; see
figure) of U.S. GDP to the number of U.S.
threatened and endangered species listed
under the Endangered Species Act is
unlikely to be a coincidence. The sectors
comprising the economy are the same
sectors endangering species (J).

Some may object, citing the “environ-
mental Kuznets curve,” the hypothesis that
the environment deteriorates during early
phases of economic growth, then recovers
after a threshold of growth is achieved (6).
However, environmental Kuznets curves
are thought to apply to only a limited set of
pollutants (7), not to environmental issues
stemming from macroeconomic activity
(8). Biodiversity is threatened by economic
sectors in the aggregate (35), and certainly a
higher GDP cannot resurrect an extinct
species.
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GDP accounting is an indicator of the
size of an economy, not necessarily of human
welfare (9), and has been overlooked as an
indicator of biodiversity loss.

BRIAN CZECH," DAVID L. TRAUGER,’

JOSHUA FARLEY,2 ROBERT COSTANZA, 2

HERMAN E. DALY,® CHARLES A. S. HALL,*

REED F. NOSS,® LIsI KRALL,® PAUL R. KRAUSMAN?
"Department of Fisheries and Wildlife Sciences, Virginia
Polytechnic Institute and State University, National
Capital Region, Alexandria, VA 22314, USA. 2Gund
Institute for Ecological Economics, University of
Vermont, Burlington, VT 05405-1708, USA. 3School of
Public Policy, University of Maryland, College Park, MD
20722, USA. “College of Environmental Science and
Forestry, State University of New York, Syracuse,
Syracuse, NY 13210, USA. >Department of Biology,
University of Central Florida, Orlando, FL 32816, USA.
SEconomics Department, State University of New York,
Cortland, Cortland, NY 13045, USA. 7School of Natural
Resources, University of Arizona, Tucson,AZ 85721, USA.
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Response

AS BRAUER NOTES, IT IS WIDELY ACKNOWL-
edged that GDP is a flawed and distorted index.
However, our Policy Forum was not a pane-
gyric for GDP, but a “call to arms” to develop
appropriate indices of biological diversity that
are both scientifically and statistically sound
and receive as much attention in the media and
the minds of the public as GDP or the Dow
Jones Index. This in turn leads us to dismiss the
use of GDP as an index of biodiversity loss, as
proposed by Czech et al. Although it is dis-
couraging that GDP has a strong correlation
with rates of biodiversity loss, we do not think
that this qualifies it as an index for monitoring
the state of environmental degradation. On the
contrary, the same flaws that undermine its
utility as an index of a nation’s economic well-
being will only be compounded when it is used
as an index of environmental stress.

Inverse GDP used as an index of envi-
ronmental damage instantly creates the
impression that environmental protection and
economic progress act in direct opposition to
each other. We believe that this is not neces-
sarily the case; the Millennium Development
Goals and the Convention on Biological
Diversity 2010 (CBD2010) goals directly
imply that we need to find ways to develop

the global economy while also protecting the
environment and the welfare of those whose
health and economic well-being are most
dependent on the ecosystem services sup-
plied by the natural environment. Although
slowing economic growth may be desirable
in wealthy countries (as Czech et al. argue),
we believe that in poorer parts of the world
this would be not only impractical but
morally unacceptable.

Plainly, the principal criticism of GDP
stems from the fact that it amalgamates a
variety of processes into a single figure. This
will also be a problem with any single index
we propose to monitor biodiversity; a possible
way to reduce this criticism would be to
develop a set of indicators attuned to different
aspects of ecosystem health. Comparing the

—

An Amazonian fisherman displaying a catfish
for sale. Inverse GDP should not be used as an
index of biodiversity because in poorer parts of
the world economic development consistent
with preservation of biodiversity must occur.

relationship between such indices with GDP
and other indices of economic progress, at a
range of geographic scales, will lead to the
development and testing of environmental
indices that provide important insight into the
health of the planet. The regular reporting of
their changing value can play a crucial role in
influencing public policy.
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Department, Cambridge University, Downing
Street, Cambridge CB2 3EJ, UK. 3Royal Botanic
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Memo to NASA:
Finish What You Start

NASA’'S UPCOMING DECISIONS ON THE FATE
of the Hubble Space Telescope and other
valuable scientific satellites and probes
(“Confusion at the space agency,” D.
Kennedy, Editorial, 11 Mar., p. 1533; “NASA
plans to turn off several satellites,” A. Lawler,
News of the Week, 11 Mar., p. 1541) illustrate
a fatal flaw in NASA’s reasoning and plan-
ning. The loss of data and knowledge from
those spacecraft has been and will be caused
by over 30 years of NASA’s dedication to
starting projects and not finishing them.
NASA is basically a propulsion agency: great
on launching spacecraft, poor on following
up on their advantages. Usually, there is not
enough money to analyze all the data that are
collected, the spacecraft may not be allowed
to complete their missions, and using work-
ing spacecraft is given lower priority than
launching new ones. As one who was in on
the beginning and the continuation of the
Landsat program, I feel I can give voice to
my concerns.

If I could give one piece of advice to the
new Administrator of NASA, it would be:
“If you’re going to start a job, finish it!”

CHARLES . ROBINOVE
2635 Crestwood Drive, Monument, CO 80132, USA.

The End of
a Chilean Institute

THE CHILEAN GOVERNMENT AND THE WORLD
Bank launched the Millennium Initiative in
1999, to promote the development of
“world-class” scientific centers in Chile. As
a result, three Millennium Institutes have
been created since 2000 for 10-year terms,
subject to periodic evaluations.

The Chilean government has recently
decided against the renewal of the
Millennium Institute of Cellular Biology
and Biotechnology (CBB). This decision is
particularly surprising, because the CBB
has been widely recognized internationally
as one of the most successful and produc-
tive centers of excellence in Chile and as a
successful example of scientific initiatives
in developing countries. The Institute has
published over 200 scientific papers in jour-
nals indexed by ISI, generated 25 Ph.D.
graduates, and carried out an outstanding
program on science education targeting the
high school system in Chile.

Some of'us, as members of the Institute’s
Advisory Panel, have given courses, per-
formed collaborations, or attended scien-
tific meetings at the Institute. We have been
impressed by the excellent level of science
at the CBB.
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It seems a paradox that the Chilean govern-
ment has terminated support to the CBB, even
though the Chilean Congress has already
approved the funds for the Institute to con-
tinue. The interruption of CBB activities
would be a distressing sign to the international
scientific community and would cast doubt
on the stability of long-term scientific cooper-
ation with Chile, with negative consequences
and impact for a country that has made a sig-
nificant effort to promote science and interna-
tional scientific cooperation.
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VIVALDO MOURA NETO,* GEORGE PERRY,®
CLAUDIO SCAZZOCHIO,5 GALILEO VIOLINI”
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Psychiatric Disorder Institute, The Scripps Research
Institute, 710550 North Torrey Pines Road, La Jolla, CA
92037, USA. 3Alzheimer’s Disease Center, Feinberg
School of Medicine, Northwestern University,
Chicago, IL60611, USA. “Universidade Federal do Rio
de Janeiro, Prédio de Reitoria 2, Rio de Janeiro, R)
68536, Brazil. *Institute of Pathology, Case Western
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TECHNICAL COMMENT ABSTRACTS
Comment on “Energetics of
Hydrogen Bond Network
Rearrangements in Liquid Water”

A. Nilsson, Ph.Wernet, D. Nordlund,

U. Bergmann, M. Cavalleri, M. Odelius,

H. Ogasawara, L.-A. Naslund, T. K. Hirsch,
L. Ojamée, P. Glatzel, L. G. M. Pettersson

Smith et al. (Reports, 29 October 2004, p. 851)
reported a temperature-dependent x-ray absorption
study on liquid water. We argue that both the meas-
urement and the data analysis have serious short-
comings. The spectra are affected by experimental
saturation effects, and the analysis suffers from incor-
rect assumptions for x-ray absorption spectroscopy.
Full text at
[www.sciencemag.org/cgi/content/full/308/5723/7934

Response to Comment on
“Energetics of Hydrogen Bond
Network Rearrangements in
Liquid Water”

J. D. Smith, C. D. Cappa, B. M. Messer,
R. C. Cohen, R. ]. Saykally

We demonstrate that the spectra reported in our
study are free from artifacts induced by saturation
effects. Furthermore, our analysis of the energetics of
hydrogen-bond rearrangement is in perfect agreement
with temperature-dependent populations previously
reported by Wernet et al.

Full text at
|www.sciencemag.org/cgi/content/full/308/5723/793b|
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ARCHAEOLOGY

Stories from a Neolithic Site

Steven Mithen

eral thousand people lived within a

dense cluster of mud-brick buildings
surrounded by marshes in what is now central
Turkey. Their houses have long since col-
lapsed to leave a low mound known as
CatalhOyiik on the now relatively arid Konya
Plain. Each summer, this site becomes home
to well over 100 archaeologists, who are con-
ducting one of the most ambitious archaeo-
logical projects in the world today.

The site was discovered in 1958 by James
Mellaart, whose excavations in the early
1960s revealed wall paintings and fig-
urines—including depictions of bulls, leop-
ards, vultures, and what he interpreted as
“Mother Goddesses”—that astonished the
academic world. In 1993, Ian Hodder, now
an archaeologist at Stanford University,
began a new campaign of
excavations and research at
the location. That campaign,
intended to last for 25 years,
has become as much a cause
célebre as the site itself.
Several specialist publica-
tions have already provided
archaeologists with new
insights into Catalhoylik,
some of which have reached
a wider academic reader-
ship. In The Goddess and the
Bull, Michael Balter—a
journalist who has reported
on Catalhdyiik for Science—
seeks to bring the site to a far
wider readership by writing
a history of its discovery and
describing the ongoing exca-
vations and methods of interpretation.

To do so, Balter had to resolve a problem
that faces anyone writing an extended
account of prehistory for nonspecialists:
how to maintain the readers’ interest in tales
of lifeless mud walls, stone tools, wall
paintings, animal bones, and human skele-
tons. Without personalized accounts of
individual experiences, the descriptions of
even spectacular art and exotic burials can
become tedious. Readers need to be drawn
into the scientific details and academic

Between about 7500 and 6000 BCE, sev-

The reviewer is at the School of Human and
Environmental Sciences, University of Reading,
Shinfield Road, Whiteknights, Reading, RG6 6AB, UK.

E-mail: sf.mithen@reading.ac.uk

The book’s most intriguing figure is Ian
Hodder, an ex-Cambridge archaeologist
who spent much of the 1980s advocating
what he termed “post-processual” archaeol-
ogy (which replaced the quest for objective
knowledge about the past with subjective

interpretation of archaeological

debates through stories of peo- The Goddess remains). Hodder’s approach
ple with whom they can identify and the Bull questioned the adoption of a
and, ideally, empathize. Balter Catalhéyiik: scientific methodology that had

provides such characters by
making the Catalhdyiik archae-
ologists as much the subject of
his book as the site itself. By
weaving their personal journeys
to Catalhoylik into his account
of the site’s archaeology and the
development of the Neolithic, he
has produced a compelling read,
one that achieves the double act
of educating and entertaining.
Balter successfully captures the atmo-
sphere and spirit of a large excavation: the
coming together of people from around the
world to live and work together; the multiple
demands on the director not only to run the

Subject to interpretation. Most clay figurines found at Catalhoyik
are very schematic—is this a cow or a dog? Debates continue as to
whether they were religious objects, game pieces, or children’s toys.

excavation but to raise funds, build a team,
secure permits, engage with local politicians,
produce results that satisfy both his sponsors
and his scientists, and so forth; the periods of
strain as the end of the digging season
approaches; the childlike elation felt by even
the most experienced archaeologist when
exciting finds are made; the evolving rela-
tions among members of the field team; the
sheer academic challenge of trying to recon-
struct the past from the discarded scraps of
prehistoric rubbish that have survived the
millennia. Every dig can provide a fascinat-
ing story of this type, but that at Catalhdyiik
is unquestionably one of the best owing to
the remarkable site and the equally remark-
able people involved in the project.

An Archaeological
Journey to the
Dawn of Civilization
by Michael Balter

Free Press, New York,
2005. 424 pp. $27,
C$39, £18.99. ISBN
0-7432-4360-9.

been undertaken by “processual
archaeology.” (That paradigm,
particularly championed by the
American archaeologist Lewis
Binford, held that when ana-
lyzed properly, archaeological
materials revealed the lives of
their makers and was initially
presented as a means to
discover the “laws of cultural
change.”) We learn about Hodder’s
academic career, how he devised the
Catalhoyiik project to put his post-
processual methodology into action, and
some aspects of his personal life—as we do
about many of the archaeologists who have
become engaged in the project. These fasci-
nating details serve to enhance the readers’
understanding not only of how prehistoric
sites are studied but also of the exceptional
levels of commitment required to build a
career in archaeology.

To tell the story of Catalhdyiik in this
manner, Balter had to become the classic
participant-observer of social anthropology.
He spent a considerable time at the dig itself,
where he didn’t just record but also joined in
the parties. He engaged in challenging aca-
demic debates with Hodder and his team,
and he has put forward his own views as to
how the Neolithic developed. Balter evi-
dently has a considerable respect for all of
the archaeologists he describes and affection
for many. But herein lies my concern: hav-
ing become an insider to write the book, has
he then detached himself sufficiently to pro-
vide an account that amounts to more than a
eulogy of Hodder and his project?

At times this is how the book reads, but
Balter is in fact deploying his journalistic
skills with considerable subtlety. Take, for
instance, the way he treats one of the greatest
fallacies of post-processual archaeology—
that it introduced the idea that interpretation of
archaeological remains begins “at the trowel’s
edge,” to quote Hodder. Balter explains that
this means an excavator within a trench must
adopt a thoughtful and self-critical approach
to what he or she is doing down there. Well, of
course, how could it be otherwise? This has
been known and practiced by excavators since
the discipline began. The contrast does not lie
between processual and post-processual
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archaeology, as Hodder has repeatedly
claimed, but simply between good and bad
field technique. Balter knows enough about
archaeology that he could have easily taken
Hodder to task as to whether his field method-
ology is in reality any different from that
which has been regularly practiced within the
discipline long before the rhetoric of post-
processual archaecology was devised. Instead,
Balter voices this view through the thoughts
of an archaeologist (one on whom Hodder is
utterly reliant for the success of the excava-
tion) digging by herself early one morning.
By so doing, Balter avoids imposing his own

judgment while still exposing an underlying
sense of unease that not all is quite as right
about the project as might initially appear.

It is still too early to evaluate the success
of Hodder’s Catalhdyiik project. Indeed,
Balter has had to work hard to extract new
information about the site and to make that
which has been discovered sound exciting
(because the new analyses show that
Catalhoyiik has more in common with other
Neolithic sites than Mellaart had believed).
The site is nonetheless fascinating, but most
readers will be just as intrigued by the
archaeologists themselves. They are an

BOOKS ET AL.

extraordinarily committed team—or rather
teams, as there has already been a consider-
able turnover of staff. Many are passionate
about the site, which will form the basis for
their own careers and will certainly provide
life-long friendships and memories. In spite
of the post-processual rhetoric that sur-
rounds the project, they are engaged in some
fantastic science at a truly remarkable pre-
historic site. With The Goddess and the Bull,
Balter serves them well by offering both the
story of their site and their own stories to
what will surely be a very wide readership.
10.1126/science.1110796

NOTA BENE: CHEMISTRY

Fun with Atoms and Molecules

the problem is that the first courses tend to approach the sub-
ject from two opposite directions, more or less at the same
time. On the one hand, chemists study phenomena that we see,
feel, and smell: Why is fire bright and hot?
Where does the wood go after it burns? What

F or many people, introductory chemistry is a tough sell. Part of

to Chemistry causes the odor in vinegar or rotten eggs? On
by Larry Gonick the other hand, several centuries of careful
and Craig Criddle experiments have established a great edifice of

theory, and chemical reactivity can now be
described from the bottom up—starting with
protons and electrons and building molecules
that we can just barely conceptualize, let alone
see with our eyes. The beauty of modern chem-
istry is that these two modes of thought merge
seamlessly into a microscopic description of a
macroscopic world. The chal-
lenge is that, until students digest
the basics, the two modes can
compete with each other and cre-
ate a hopeless muddle: countless
formulas to memorize and equa-
tions to balance, with little grasp
of how it all relates to the bub-
bling solution in the beaker.
With The Cartoon Guide
to Chemistry, Larry Gonick
valiantly tries to save the day.
Having previously tackled
physics and genetics, the talented
comic artist has now taken on
what chemists proudly call the
central science. To help in his
endeavor, he recruited co-author Craig Criddle, a professor of envi-
ronmental engineering and aquatic chemistry at Stanford
University. The book’s format uses cartoon panels interspersed with
brief, explanatory blocks of text. Though often funny, the book is no
joke. The authors have made a determined effort to present the fun-
damental principles of chemistry in an accessible and enjoyable
fashion. For the most part, the result seems destined to succeed.
Gonick gets off to a strong start with a whirlwind history of
chemistry, from the Stone Age to Mendeleev’s periodic table. This
includes a great sequence in which an increasingly distraught
Aristotle must watch from the margins as his cherished doctrines
collapse, one by one, in the face of experiments. Next comes an

BUT IM REALITY, CHEMISTRY 15 A SORT OF FRENZY OF TOGETHERMESS. MOST
ATOMS ARE GREGARIOUS LITTLE LRITTERS.. AND THAT'S HOW WE'RE 60ING TO
DRAW THEM, SOMETIMES-. AS LITTLE LRITTERS.

introduction to protons and electrons, the elements, and various
trends revealed by the periodic table (e.g., atomic size, ionization
energy, and electron affinity). The third chapter, “Togetherness”
(on chemical bonding), brings out the real benefit of the cartoon
approach. Metallic elements become tall, cylindrical robots, with
electron acceptors portrayed as small, furry monsters. Through
many temperamental interactions, these creatures showcase the
principles of ionic and covalent electron exchange. The panels
breathe life into the rules for building molecules, and they make
the microscopic world look vivid and full of fun.

Unfortunately, in the middle chapters the book loses some of its
momentum. In ajarring leap back to the macroscopic world, Gonick
illustrates reactivity by stranding some people on a desert island and
having them make clay pots, gunpowder, and various other useful
materials. He clearly means for this section to be of interesting prac-
tical relevance, but the reactions in question are rather complicated.
The enticing molecular choreography sketched earlier is gone—
replaced by the standard, sterile element symbols in balanced equa-
tions. Readers will find little justification for why aluminosilicate
clay hardens or why potassium nitrate explodes with carbon, other
than that the letters on the left
rearrange to letters on the right. In
addition, the periodic table is now
conspicuously absent, when it is
clearly needed to help make sense
of the frenzy.

There are a few clever ideas in
the subsequent chapters on solu-
tions and kinetics, but the book
really picks up again when it
reaches acids and bases. Gonick
offers a wonderful scheme to
explain the conjugate concept:
bases are fuzzy-headed people
who gobble up protons, which
show up in their heads as plus
signs. Toward the book’s end, the
robots and monsters return to demonstrate electrochemistry. Here,
as in the early chapters, the behavior of the characters highlights the
underlying principles with considerable humor and clarity.

On the whole, The Cartoon Guide to Chemistry offers a good
and informative read. Trained chemists will enjoy leafing through
it, and students will certainly find solace in it when they get
bogged down by their primary introductory textbook. Best of all,
unlike most texts that cover so much technical ground, the book is
priced for the mass market. For the public, it stands to open a big
window into the small world of atoms and molecules.

—JAKE YESTON
10.1126/science.1112862
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Pleistocene Park: Return of
the Mammoth'’s Ecosystem

Sergey A. Zimov

During the last ice age, the world’s most exten-
sive ecosystem stretched from France across
the Bering Strait to Canada and from the arctic
islands to northern China. It was at the very
end of a more than million-year epoch, the
Pleistocene, during which colossal ice sheets
repeatedly advanced and retreated, plowing up
much of northern Europe and
America. At the same time, from a
geological perspective, northeast-
ern Siberia remained relatively
unscathed. There, vast dust-cov-
ered plains and valleys dominated
the landscape. Mammoths, woolly
rhinoceroses, bison, horses, rein-
deer, musk oxen, elk, moose,
saiga, and yaks grazed on grass-
lands under the predatory gaze of
cave lions and wolves.

The ground, as in Siberia today,
froze, contracted, and cracked
each winter. In spring, water pene-
trated and froze in deep, narrow cracks, creat-
ing networks of ice wedges. Over time,
because of the slow accumulation of dust,
river silt, and ice, the northern lowlands of
Siberia became covered with a thick sedimen-
tary mantle of frozen loess. These frozen sedi-
ments are filled with rootlets of grasses,
microbes, and animal bones, all of which have
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enterprise. Series
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enabled scientists to chronicle the rise and fall
of the region’s Pleistocene ecosystem.

About 10,000 years ago, at the beginning
of the Holocene epoch, this vast system,
which I refer to as the mammoth tundra-
steppe, disappeared completely. In northern
Siberia, mossy tundra and forest tundra
replaced the mammoth ecosys-
tem. The only herbivores to sur-
vive were reindeer that grazed on
lichens and moose that fed on
willows. The mammoths and
their large animal companions,
which had survived even the
worst conditions the ice age
could muster, disappeared dur-
ing the Holocene warming.

It actually might not have been
the climatic changes that killed
off these great animals and their
ecosystem, however. More conse-
quential, perhaps, were shifts in
ecological dynamics wrought by people who
relied on increasingly efficient hunting prac-
tices, which decimated the very populations
of grazing animals that maintained the tundra
steppe. To test this possibility, my colleagues
and I for the past decade have been working
to reconstitute the mammoth ecosystem in
one modest parcel of the northern Siberian

YEARS OF GLOBAL
Science

region

of Yakutia.

We call our proj-

ect Pleistocene Park. The

primary scientific goal is to determine more
precisely the role that Pleistocene animals
played in maintaining their own ecosystem.
However, we also suspect that by learning how
to preserve and extend Pleistocene-like grass-
lands in the northern latitudes, we could
subsequently develop means for mitigating
both the progress and effects of global warm-
ing. The amount of carbon now sequestered in
soils of the former mammoth ecosystem, and
that could end up as greenhouse gases if
released into the atmosphere by rising global
temperatures, surpasses the total carbon
content of all of the planet’s rain forests.

The Vanishing of the Herbivores

Grassland ecosystems are evolutionarily the
youngest of ecosystems. These ecosystems
have the highest rates of biogeochemical
cycling. Grasses use water resources more
rapidly than their less productive competitors,
such as cactuses and trees, rather than spend-
ing energy for making thorns and toxins to
ward off enemies. When their numbers reach
a level that can be sustained by the landscape,
herbivores eat and trample all the grassland

Sergey A. Zimov, director of the Northeast Science Station in Cherskii in the Republic of Sakha (Yakutia),
received his academic training in geophysics at the Far East State University in Vladivostok, Russia. He
subsequently did fieldwork in northern Siberia for the Pacific Institute for Geography, part of the Far East
Branch of the Russian Academy of Sciences. In 1980, he organized the science station that he now
directs. Research at the center includes studies of global carbon and methane budgets and animal
extinctions that occurred in Siberia when the Pleistocene epoch gave way to the ongoing Holocene
about 10,000 years ago.In 1989, Zimov initiated a long-term project known as “Pleistocene Park,” which
he now is pursuing with a number of partners. The goal of the project is to reconstitute the long-gone
ecosystem of the Pleistocene epoch that supported vast populations of large animals including mam-
moths, horses, reindeer, bison, wolves, and other large predators. If the effort succeeds in the park, Zimov
and his co-workers would like to see the ecosystem restored over much larger areas in an effort to stave
off what otherwise could be a massive release of carbon that now is sequestered in the permafrost but
that could be released into the atmosphere as global temperatures rise. His hunting of mammoth
remains in the tundra and his bold vision of controlling and restoring ecosystems have earned him
coverage in books, documentaries, and other media.

All essays appearing in this series can be found online atiwww.sciencemag.org/sciext/globalvoices/,

TEAM LING - LIVe, Informative, Non-cost and cenuine !

6 MAY 2005 VOL308 SCIENCE |www.sciencemag.org

CREDIT: DENISE BERJAK


http://www.sciencemag.org/sciext/globalvoices/
http://www.sciencemag.org

CREDIT: S. ZIMOV

vegetation produced during the rainy season
and return nutrients to the soil through their
manure. On different continents, at different
latitudes, grassland ecosystems have been,
and are now, composed of different species,
but they share a similar set of functional types
or guilds. These include grasses, elephants,
horses, rodents, dung-beetles, large cats, vul-
tures, and so on. The greater the diversity
within and among these functional types, the
more active the biological cycles and the
more successful and extensive the ecosystem
can become.

In the Pleistocene, grassland ecosystems
occupied about half of the world’s land mass.
Homo species emerged in these pasture
ecosystems, where they left tools, weapons,
cave paintings, and other signs of their pres-
ence. Starting with unpretentious ambitions
to survive in a hostile environment, Homo
ended up assuming the powerful role of
ecosystem terminator. The mammoth ecosys-
tem was the first large-scale victim, but the
global destruction of grasslands only acceler-
ated in the Holocene when people invented
agriculture and began raising cattle.

Twenty years ago, scientists explained
the disappearance of numerous animals in
the northern grasslands very simply—the
arid steppe climate changed into a humid
one, and when the steppe vanished so did
the steppe’s animals. In short, the moist
Holocene climate was a catastrophe for
them. In the last few years, however, a grow-
ing accumulation of radiocarbon dates of
animal remains has been suggesting a dif-
ferent story. It appears now that mammoths
survived the Pleistocene-Holocene shift.
For the first 7000 years of the Holocene,
they persisted on Wrangell Island in the
Arctic Ocean. Bison, horses, and musk oxen
also lived in the north of Siberia in the
Holocene. Horses and musk oxen lived
there even up to historical times.

In Alaska, bison survived throughout the
entire Holocene. They disappeared only in
the historical period at the hands of human
hunters. Alaskan native elders still tell sto-
ries that chronicle the taste of bison meat.
Another indication that climate change has
had little to do with the survival of bison is
that in the past century, bison were brought
back to Alaska, and they have been breeding
there successfully. What’s more, when musk
oxen were reintroduced from the coldest,
driest islands of the Canadian Arctic to
Alaska in the 20th century, they immedi-
ately began to breed actively, even though
the climate in Alaska was warmer and wet-
ter. The same thing happened wherever
musk oxen were reintroduced in Siberia.
Even in the west Norwegian climate, musk
oxen have prospered.

The recent history of horses bolsters the
case against climate change as the factor
that destroyed the mammoth ecosystem and
its diversity of large animals. In the
Republic of Yakutia in northern Siberia,
the biomass of horses is greater than that of
reindeer. Although horses are classified as
domesticated animals, in practice most of
them are wild, living without any aid from
people. Evidently, they are suited to the
present climate.

Yet, these great herbivores disappeared
by the millions from northern Siberia and
elsewhere. As has happened elsewhere and
at other times, their vanishing coincides with

Horse sense. Grazing on a snow-covered tundra meadow in north-
ern Siberia, rugged Yakutian horses like these could help reduce the
effects of global warming by stabilizing vast expanses of grassland.

the introduction by humans of new hunting
technology. In Australia, 46,000 years ago,
when people first arrived, 23 animal species
vanished, all but one heavier than 45 kg
(about 100 pounds). In America, 12,000
years ago, hunters began using small, sharp
lances and arrowheads. After that, 70% of
the large animal species vanished. By the
time people started recording their own his-
tory, bison, aurochs, dziggetai (koulan), wild
horses, saiga, and many other herbivores had
already been exterminated from the steppes
and prairies.

Out to Pasture
Just as the great herbivore herds disappeared
at the end of the Pleistocene, so did the north-
ern grasslands that nurtured them. One possi-
ble explanation for this is simply that the cold,
arid climate of the steppes changed into a
humid one, turning the steppes into mossy
tundra. However, the Holocene climate shift
was not unique. Similar shifts occurred in
previous interglacial periods, yet these did not
cause catastrophic landscape reconstructions.
During the last glacial, when mammoths
still roamed on the steppes that covered
Europe, the annual precipitation there was
200 to 250 mm, and January temperatures
were in the range of —25° to 35°C. Such cli-
mate conditions are similar to those of pres-
ent-day northeastern Siberia. By many crite-
ria, the present climate there is not humid, but

rather is characteristic of an arid steppe.
According to all weather stations of northeast
Siberia, the annual radiation input is about
twice what is necessary to evaporate the
annual precipitation. This only adds to the
mystery of why Siberia is no longer domi-
nated by a grassy, steppe landscape.

The physiological traits associated with
Holocene vegetation partially explain the
vegetation changes that coincided with loss of
the Pleistocene megafauna. Plant transpira-
tion accounts for most of the water loss from
landscapes, and high transpiration rates are
associated with more productive plants. Rates
of water loss must therefore have been high in
the north when productive
Pleistocene meadow and
steppe vegetation prevailed.
As a result, vast amounts of
water were sucked up from
the ground, resulting in
dry conditions, while the
plants themselves sequest-
ered nutrients to drive their
own productivity.

Holocene vegetation, in
contrast, is dominated by
unproductive moss and
shrubs. This type of vegeta-
tion does not transpire
enough moisture to dry out the soil. Moss
does not even have roots. This leads to wet
conditions conducive to the growth of mosses,
which account for a substantial proportion of
the northern Siberian biomass. Water-satu-
rated soils inhibit decomposition of biomass
and therefore the availability of nutrients to
support plant growth. What’s more, mosses
insulate the ground efficiently—a 20-cm layer
of moss prevents the underlying frozen soil
from thawing. This also has the effect of
sequestering nutrients and preventing their
cycling through the ecosystem. All of these
factors indicate that moss communities, once
they are in place, create and sustain their own
environment and do not depend so much on
particular climate conditions.

They are quite vulnerable to physical
disturbance, however, and this is where their
ecological connection to herbivores comes in.

The Future of the Past

When mosses are destroyed on loess soils,
the site becomes overgrown with grasses
within 1 to 2 years. The grasses then dry
out the soil through their high transpiration
rates, creating a steppe-like ecosystem.
But when herbivore populations are low,
grass productivity begins to decrease
within a few years, because grass litter
accumulates on the soil surface, shading
and insulating the soil. In turn, soil fertility
declines. As a result, shrubs and mosses,
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which have lower nutrient requirements
than grasses, ultimately become dominant.

In the mammoth ecosystem, the collective
behavior of millions of competitive herbi-
vores maintained the grasslands. In the win-
ter, the animals ate the grasses that grew the
previous summer. All the while they fueled
plant productivity by fertilizing the soil with
their manure, and they trampled down moss
and shrubs, preventing these plants from
gaining a foothold. It is my contention that the
northern grasslands would have remained
viable in the Holocene had the great herds of
Pleistocene animals remained in place to
maintain the landscape.

In the southern steppes, the situation is dif-
ferent. There, the warmer soil
allows for more rapid decom-
position of plant litter even in
the absence of herbivores. In
the north today, the soil is too
cold to foster such decomposi-
tion, which means that the
steppe ecosystem can be stable
there only with the help of
herbivores that decompose
organic matter in their stom-
achs and that disturb mosses.
Today’s African savannas, in
which trees and shrubs have
supplanted grasses in much the
same way that mossy tundra
has supplanted grasses in
Siberia, demonstrate this prin-
ciple. These savannas would
disappear without large herbivores, which are
present there in large numbers. The large num-
bers of animals on African savannas amaze
many people. However, similar animal densi-
ties exist in northern and middle latitudes. For
example, at Elk Island National Park in
Canada, about 60 bison browse on each square
kilometer of grassland. The animal is much
bigger than the gnus and zebra of Africa.
Forests in the park are preserved only by
strongly controlling the number of animals.

This is why I believe that the changing cli-
mate of the Holocene would have had little bear-
ing on the survival of the mammoth ecosystem.
In some places, such as sandy and stony ground,
trees and shrubs would have appeared. And that
might have caused changes in the relative pro-
portions of horses and moose. But overall, if cli-
mate were the only controlling factor, the total
pasture productivity and the number of herbi-
vores should have increased in the Holocene.
Support for this view comes from the climate
history that is chronicled in the Greenland ice
sheet. It shows a sharp warming and dramatic
increase of precipitation ~14,700 years ago,
leading to conditions that resemble the present
climate. Even so, in the north of Siberia, mam-
moth populations soared at this time.

This view means that the present
Holocene climate of northern Siberia, par-
ticularly near the present tree line, is likely
just now to be optimal for the mammoth
ecosystem. If we accept the argument that
the pasture landscapes were destroyed
because herbivore populations were deci-
mated by human hunting, then it stands to
reason that those landscapes can be reconsti-
tuted by the judicious return of appropriate
herbivore communities.

In northern Siberia, mainly in the
Republic of Yakutia, plains that once were
covered by tens of meters of mammoth
steppe soils now occupy a million square
kilometers. The climate of the territory is

Pleistocene Park. This territory in the Republic of Yakutia is
roughly an even split of meadow, larch forest, and willow shrub-
land. This Siberian region could become the venue for a recon-
stituted ecosystem that vanished 10,000 years ago.

near optimal for northern grassland ecosys-
tems. Thus, in principle, the ancient mam-
moth ecosystem could be restored there.

In Yakutia, we are trying to do just that.
The government has adopted a program to
restore the republic’s former biodiversity.
One thrust of this effort has been through the
nonprofit organization of Pleistocene Park—
of which I am a founding member—on 160
km? of Kolyma lowland. One-third of the ter-
ritory is meadow, one-third is forest, and one-
third is willow shrubland. Today, many of the
animals of the mammoth ecosystem and
grasses remain in northern Yakutia.

Reindeer, moose, Yakutian horses, recently
reintroduced musk oxen, hares, marmots, and
ground squirrels forage for vegetation, and
predators, including wolves, bears, lynxes,
wolverines, foxes, polar foxes, and sables,
prey on the herbivores. However, strong
hunting pressure has kept the overall number
of animals low. Therefore, their influence
on vegetation is small. The first step for
Pleistocene Park, which we are just now
initiating, is to gather the surviving mega-
fauna of the mammoth ecosystem (initially
without predators) within the part of the
parkland that is rich in grassland. The second

step will be to increase the herbivore density
sufficiently to influence the vegetation and
soil. As animal densities increase, the fenced
boundary will be expanded.

The most important phase of the program
will be the reintroduction of bison from
Canada and subsequently, when the herbi-
vores are sufficiently abundant, the acclima-
tization of Siberian tigers. In many regions
of the Amur River basin, where this formida-
ble predator survives, January temperature is
as low as —=25° to —=30°C. The tigers’ survival
there is limited more by poaching and herbi-
vore density than by climate. Scientifically,
Pleistocene Park is important because it
directly tests the role of large herbivores in
creating and maintaining grassland ecosys-
tems, something that can only be surmised
but not proven from the paleorecord.

There is more than just scientific discov-
ery at stake here. Northern Siberia will influ-
ence the character of global climate change.
If greenhouse gas—induced warming contin-
ues, the permafrost will melt. At present, the
frozen soils lock up a vast store of organic
carbon. With an average carbon content of
2.5%, the soil of the mammoth ecosystem
harbors about 500 gigatons of carbon, 2.5
times that of all rainforests combined.
Moreover, this carbon is the relatively labile
product of plant roots that were incorporated
from productive steppe vegetation during the
Pleistocene. As soon as the ice melts and the
soil thaws, microbes will begin converting
this long-sequestered soil carbon into carbon
dioxide under aerobic conditions or into
methane under anaerobic conditions. The
release of these gases will only exacerbate
and accelerate the greenhouse effect.

Preventing this scenario from happening
could be facilitated by restoring Pleistocene-
like conditions in which grasses and their
root systems stabilize the soil. The albedo—
or ability to reflect incoming sunlight sky-
ward—of such ecosystems is high, so warm-
ing from solar radiation also is reduced. And
with lots of herbivores present, much of the
wintertime snow would be trampled, expos-
ing the ground to colder temperatures that
prevent ice from melting. All of this suggests
that reconstructed grassland ecosystems,
such as the ones we are working on in
Pleistocene Park, could prevent permafrost
from thawing and thereby mitigate some
negative consequences of climate warming.

10.1126/science.1113442
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NEUROSCIENCE

Attractors in Memory

Bruno Poucet and Etienne Save

ne of the most challenging questions
O facing contemporary neuroscience

is how the brain encodes the memo-
ries of an individual’s experiences. Within
this broad question, the issue of how the
brain makes a distinction between separate
yet similar episodes is crucial. By recording
the electrical discharges of neurons in the
brains of animals performing different
behavioral tasks, it is possible to decipher
some of the rules governing this process. On
page 873 of this issue, Wills e al. (1) suggest
that memories are like attractor states in
which all neurons abruptly and simultane-
ously change their electrical discharges in
relation to the current experiences of the rats
under study. To demonstrate this, Wills et al.
recorded the firing activity of hippocampal
place cells in the brains of freely moving rats
exposed to a square or circular environment
(see the figure).

The authors observed the neural activity
of hippocampal place cells by recording
spike activity from single hippocampal
pyramidal neurons and simultaneously
tracking the location of the rat in the envi-
ronment. Each place cell discharges only
when the animal is in a cell-specific stable
region called its “place field.” Place fields
occur with about equal density over the
entire surface of the environment, hence
their ensemble firing can be decoded to
determine the animal’s location in space (2).
Although place fields are stable across days
and weeks in constant surroundings (3), they
undergo great variation if large changes are
made in the environment. Thus, changing
the shape of the environment—for example,
from a circle to a square—causes major
modifications in the activity of all place cells
(see the figure). Some place cells have fields
in only one of the two environments and are
silent in the other, whereas the fields of cells
active in both environments are quite differ-
ent in shape or location. Such changes,
known as remappings, occur most reliably
after modifying the shape of the environ-
ment, but also appear after more subtle
changes (4, 5). The remapping phenomenon
suggests that the hippocampus learns and

The authors are in the Laboratory of Neurobiology
and Cognition, CNRS-Université Aix-Marseille,
Centre Saint-Charles, 13331 Marseille Cedex 3,
France. E-mail:[bpoucet@up.univ-mrs.fr

holds distinct maps for distinct contexts,
with each specific map being reactivated as
the rat commutes between the different con-
texts (6). Thus, place cells signal both the
rat’s current environment and its location
within that environment.
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o ()
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Changing shapes. Rats exposed to a square or
circular environment evoke distinct representa-
tions in “place” neurons of the hippocampus (7).
(A) The place fields (white ellipses) are different
for the circular and square environments. (B)
When the rat is exposed to an intermediate
shape (such as an octagon), all place cells simul-
taneously adopt one of the two learned activity
patterns (the square in the example). (C) This
observation reveals that the activity states of
place cells are under the control of attractor-like
mechanisms. (D) With experience, new attrac-
tors may develop so that intermediate shapes
are represented.

PERSPECTIVES

Given that remapping reflects the learn-
ing process of a new environment, it is of
interest to investigate its time course.
Remapping may be very rapid, taking place
in a matter of minutes when the rat moves
freely from a familiar environment to a new
one (2). In contrast, a slower variable rat-
specific time course is observed when the
rat is brought from a familiar environment
(such as a square) to a new environment
(such as a circle) (7). At first, the place
fields are equivalent in both environments.
With additional exposures to the circle,
however, the fields of a progressively
greater fraction of cells become distinct.
Not only does this map differentiation
occur at different rates in different rats, it
also occurs at different rates for cells within
a given rat. Gradual shifts in the place fields
may be seen for individual place cells.
Ultimately, however, discrimination of the
square and circle appears to go to comple-
tion so that the fields of all cells become
distinct.

What is the neural correlate of this dis-
crimination once it is established? Wills et
al. tackled this issue by using a series of
“morph” boxes. Each morph box was made
of a number of juxtaposed plastic elements
that could be arranged in a variety of con-
figurations. The overall geometry of the
box could be varied from a circle to a
square through four intermediate octagonal
shapes, from more circular-like to more
square-like. Rats were first extensively
exposed to a wooden circle and to a square
made of morph material. This ensured the
rapid occurrence of remapping, which per-
sisted when rats were exposed to circular
and square boxes both made of morph
material. Then Wills ef al. exposed rats to a
series of morph boxes in a pseudo-random
order across successive recording sessions.

What became of the place fields when
rats were exposed to morph boxes of inter-
mediate shape? Wills et al. found that most
cells adopted either the circle-like or
square-like pattern in the morph boxes and
almost never exhibited other patterns. The
switch from one activity pattern to the other
was abrupt, and the switch point was for the
morph box whose shape was approximately
at the midpoint between a circle and a
square (see the figure). Not only was the
switch point similar for all rats, it was also
the same for all simultaneously recorded
cells within a given rat. Because only the
geometry of the recording box varied across
successive exposures, such effects were
unambiguously caused by changes in envi-
ronmental shape. Interestingly, the same
abrupt changes in place fields were seen on
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PERSPECTIVES

a second series of exposures to the morph
boxes, although in some rats the shift point
could vary from that displayed during the
initial presentation. Moreover, the firing pat-
terns within a session were established very
rapidly, usually within the first 30 seconds.
What do these results suggest about the
neural processes of memory in the brain?
First, all place cells were seen to switch
abruptly between two distinct states across
successive sessions, which seems to indi-
cate the operation of attractors. Such attrac-
tors induce the hippocampal system to
adopt one of the two possible activity states
triggered by the two well-learned box
shapes. This major property of hippocampal
representation is akin to pattern separation,

which allows slightly different inputs to
result in distinct output representations.
Such a process reduces interference
between similar experiences and comple-
ments another process necessary for mem-
ory retrieval; pattern completion, in which
an autoassociative network recalls stored
patterns based on incomplete information
(8). Second, the results reveal that the hip-
pocampal place cell system can build cate-
gories within which the representation of
each intermediate box shape is nested.
Although these properties of pattern separa-
tion and categorization are useful for initial
encoding of new experiences within famil-
iar contexts, they must also be accompanied
by additional mechanisms that allow incre-

mental storage of new contexts. Thus, with
repeated exposure, the geometry of a new
environment could ultimately lead to a new
activity state that may permit the encoding
of new memories (7).
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Matching at the Synapse

Scott M. Thompson

ne of the wonders of the brain
O is how its neurons organize

themselves into complex
synaptic networks. There are more
cells in the mammalian brain than
there are stars in the Milky Way. In the
brain’s cortex, each neuron forms
synaptic contacts with as many as
10,000 target cells (/) that belong to
five or more different cell types. The
details of how these synaptic connec-
tions are constructed are important as
synaptic strength governs the reliabil-
ity of information transfer (through
release of neurotransmitter) from the
presynaptic to the postsynaptic
neuron. On page 863 of this issue,
Koester and Johnston (2) offer unex-
pected observations about just how
precisely these synaptic connections
are formed.

The strength of a synaptic connec-
tion depends on several key factors:
the number of synaptic contacts
formed between the two neurons (<10
in neocortex) (3), the number of neu-
rotransmitter receptors expressed by
the postsynaptic neuron, and the prob-
ability that an action potential will trigger the
release (exocytosis) of neurotransmitter from
the presynaptic nerve terminal into the
synapse. The release probability of a given
synaptic contact depends on the concentra-
tion of calcium ions (Ca®") in the presynaptic
nerve terminal after arrival of an action
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of neurotransmitter release. They show that
the properties of the presynaptic terminal
responsible for neurotransmitter release
differ depending on the type of postsynap-
tic target cell (see the figure).

To perform their technically
superb studies, the authors made
whole-cell recordings from 63 pairs
of monosynaptically coupled neu-
rons in ex vivo slices from the rat
somatosensory cortex, maintained
on the stage of a two-photon micro-
scope. Presynaptic layer 2/3 pyrami-
dal cells were loaded with the green
Ca?" indicator dye, OGB-1, and three
different classes of postsynaptic tar-
get cells were visualized with the red
dye Alexa-594. The authors then
searched for and identified the small
sites of synaptic contact between the
two neurons. Measurements of the

Multipolar Bitufted transient change in emission of the
Big Mixed Small Ca”* indicator dye provided an assay
High Mixed Low of the action potential-induced Ca?"
Low Mixed High concentration in the nerve terminal.
Depressing Mixed Facilitating

Making connections. Dependence of presynaptic terminal prop-
erties on the type of postsynaptic target cell. Presynaptic boutons
formed by the axons of layer 2/3 pyramidal cells of the rat
somatosensory cortex form connections with three different
classes of postsynaptic target cell (2). The three postsynaptic cell
types include two classes of inhibitory interneurons, multipolar
and bitufted, and pyramidal cells.

potential and the sensitivity of the exocytotic
machinery to the Ca?" ion concentration.
But what determines the probability of
neurotransmitter release for each particular
nerve terminal? Because of their small size,
there are few synapses where release prob-
ability can even be measured. Working on
the nerve terminals of rat neocortical
pyramidal cells, Koester and Johnston now
succeed in correlating the size of the tran-
sient increase in Ca?" concentration evoked
by the action potential with the probability

The simplest outcome one might
expect from such an experiment is
that all of the presynaptic boutons
(enlargements of the presynaptic
nerve terminal from which neuro-
transmitter is released) of a given
pyramidal cell would be essentially
identical. The size of their Ca?*
transients would be dependent pri-
marily on the level of voltage-dependent
Ca?* channel expression in that cell. There
is, in fact, a 10-fold variation in the ampli-
tudes of Ca?" signals in the boutons from a
single pyramidal cell (4). The surprising
observation made by Koester and Johnston
is that the size of the Ca?* signal in a given
bouton is not random, but rather is deter-
mined by the target cell with which that
bouton forms a synapse. Ca?* transients in
pyramidal cell boutons apposed to one class
of inhibitory interneuron that releases the

TEAM LING - LIVe, Informative, Non-cost and cenuine !

6 MAY 2005 VOL 308 SCIENCE

[www.sciencemag.org|

CREDIT: KATHARINE SUTLIFF/SCIENCE


mailto:sthom003@umaryland.edu
mailto:sthom003@umaryland.edu
http://www.sciencemag.org

neurotransmitter y-aminobutyric acid
(GABA), the multipolar cell, were on aver-
age three times the size of Ca?" transients in
terminals apposed to another class of
GABAergic interneuron, the bitufted cell.
Pyramidal cell boutons apposed to other
pyramidal cells displayed the full 10-fold
range in amplitude of the Ca?" transient.

What are the consequences of these dif-
ferences in the amplitude of the Ca®" tran-
sient? All else being equal, larger Ca?" tran-
sients should produce greater increases in
the probability of vesicle fusion with the
presynaptic cell’s plasma membrane and
neurotransmitter release. Indirect analyses
indicated that this was the case. The induc-
tion of an action potential in a pyramidal
cell was more likely to trigger neurotrans-
mitter release onto a multipolar cell than
onto a bitufted cell. The authors also found
an excellent correlation between the ampli-
tude of the Ca?" transient and the form of
short-term synaptic plasticity displayed in
response to brief trains of presynaptic
action potentials, thus accounting for earlier
observations (5). Pyramidal cell-to—bipolar
cell connections were facilitated, whereas
pyramidal cell-to—multipolar cell connec-
tions became depressed. Pyramidal
cell-to—pyramidal cell connections varied,
presumably depending on the initial proba-
bility of neurotransmitter release (6).

Koester and Johnston strengthened the
correlation between the amplitude of the
Ca?" transient and release probability by
introducing the Ca?* indicator dye into
postsynaptic cells and then assaying the
probability that a presynaptic action poten-
tial in a pyramidal cell would cause postsy-
naptic Ca?" influx via NMDA (N-methyl-D-
aspartate) receptors. As expected from the
relative amplitudes of the Ca®" transients,
the release probability was significantly
higher at pyramidal cell boutons apposed to
multipolar cells than at those apposed to
bitufted cells.

The second surprising observation made
by the authors is that not only are the Ca®*
transients and release probabilities uniform
for different classes of target cells, but they
are also uniform at multiple sites of contact
between a single pair of cells. In 17 pairs,
the authors were able to find two synapses
between the pre- and postsynaptic cells.
Both the amplitude of the Ca?" transients in
the two contacts and their respective release
probabilities were found to be remarkably
similar. Although this similarity might be
expected for the synapses formed with the
two classes of interneuron, which are rela-
tively homogeneous with respect to both
characteristics, it is remarkable for the
pyramidal cell-pyramidal cell connections,
whose values varied up to fourfold in this
data set.

Koester and Johnston conclude with the
provocative suggestion that there is com-
munication between a pyramidal cell and
each of its postsynaptic targets that serves
to “normalize” the Ca®" transients and
release probabilities at all of the connec-
tions between the two cells. Neither the
means of communication between the two
cells nor the means of normalization are
known. The distances between the various
sites of contact between a given pair of cells
can be quite large. Thus, the authors suggest
that correlated pre- and postsynaptic dis-
charges might serve as the signal, much as
they do in long-term potentiation, the form
of synaptic plasticity thought to underlie
memory formation (7). This possibility is
particularly intriguing for pyramidal
cell-pyramidal cell connections, because
there is good evidence that a change in
release probability contributes to the
expression of long-term potentiation in the
neocortex (8). It is not clear how the presy-
naptic terminal would be aware of activity
in the postsynaptic cell, but the process
would seem to require a retrograde signal.

There are several potential means by
which this signal could then modulate the
size of the presynaptic Ca?" transient, such

PERSPECTIVES

as changing the density of Ca?* channels,
the subtype of the Ca?" channels, the
amount of endogenous Ca?" buffer, or the
probability of channel opening in response
to depolarization. In the hippocampus,
there is evidence of target cell-dependent
expression of presynaptic inhibitory recep-
tors (9, 10), and this mechanism might also
differentially regulate Ca?* influx and
release probability.

Like all good science, the observations
reported by Koester and Johnston raise fas-
cinating new questions. They also remind
us of the wonder that is our brain.
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Whnt Signaling Glows with RNAI

Eric R. Fearon and Ken M. Cadigan

ot long ago, scientists could only
N fantasize about insights that might

be offered through high-throughput,
comprehensive genetic screens that did not
rely on characterization of discernible phe-
notypes in the whole animal. The pursuit of
such screens presents several challenges,
including the need for a priori knowledge
about key factors in a pathway and for sur-
rogate markers reflecting the pathway’s sta-
tus that can be rapidly assayed with robust
results. Even with this functional screening
approach in hand, the pursuit of high-
throughput analyses of all genes in an
organism requires a complete annotated
genomic sequence and efficient RNA inter-
ference (RNAI) technologies for antagoniz-
ing gene function. Only recently has this
type of screen been pursued (/—4). On page
826 of this issue, DasGupta, Perrimon, and
their colleagues describe the application of
RNAI methods to a Drosophila tissue cul-

The authors are at the Cancer Center, University of
Michigan, Ann Arbor, MI 48109, USA; E. R. Fearon is
also in the Departments of Internal Medicine, Human
Genetics, and Pathology, and K. M. Cadigan is also in
the Department of Molecular, Cellular, and

Developmental Biology. E-mail:[fearon@umich.edu]

ture system and report a plethora of new
genes implicated in Wnt signaling (5).
Wnhts are a conserved family of secreted
proteins with varied and context-specific
activities in embryonic and adult tissues.
They mediate effects in numerous cellular
processes including proliferation, survival,
differentiation, and motility (6, 7). Not
unexpectedly, given the importance of Wnts
in development and adult physiology, Wnt
pathway defects have been implicated in
human disease states, including many types
of cancer as well as bone density and retinal
vascular disorders (6, 7). The application of
classical genetic and biochemical methods
to define major components of the Wnt
pathway has yielded much information (see
the figure). Wnts bind to a transmembrane
receptor complex, and intracellular conse-
quences are mediated via several distinct
downstream pathways (see the figure). In
the “canonical” Wnt pathway, 3-catenin is
the central player, and its levels and activity
are tightly regulated by phosphorylation at
certain serine and threonine amino acid
residues in its amino terminus. Phosphoryl-
ated forms of B-catenin are preferentially
ubiquitinated, then degraded by the protea-
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some. Activation of Wnt proteins inhibits
[-catenin phosphorylation through poorly
understood mechanisms. Wnt-mediated
stabilization of the “free” pool of
[-catenin leads to its accumulation in the
nucleus and its enhanced binding to
T cell factor (TCF) transcription factors.
B-catenin—TCF complexes bind to specific
DNA sequences in the regulatory regions of
certain cellular genes and together with
other nuclear cofactors, activate gene
expression.

Despite much progress in defining
factors in Wnt signaling by conventional
approaches, key Wnt pathway components
remain undiscovered. In genetic screens of
Drosophila embryos, potential Wnt path-
way genes may have escaped detection
because they are expressed both maternally
and in the zygote (8). Other genes might
have been missed because they are essential
for viability of the whole organism or
because they operate both in the Wnt and
other pathways. Most Wnt researchers pre-
dict the existence of additional Wnt path-
way components, but few could have
guessed at the 200 new candidate compo-
nents that DasGupta et al. now report (3).
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DasGupta et al.’s screening method used
sensitive reporter genes containing multi-
merized TCF binding sites fused to minimal
promoter elements upstream of a firefly
luciferase gene. The screen was performed
in the presence of exogenous Wingless
(Wg, the archetypical Drosophila Wnt), so
that the reporter assay had sufficient
dynamic range to detect either inhibition or
enhancement of the Wg-induced signal. The
effect of ~22,000 duplex RNAs on the abil-
ity of Wg to activate luciferase expression
was assessed in a Drosophila cell line
derived from fruit fly imaginal discs. This
collection of RNA duplexes corresponds to
>95% of the genes known or predicted in
the Drosophila genome. The primary screen
was done in duplicate to minimize false
positives, and 238 potential Wnt pathway
genes were identified. The screen uncov-
ered most, but not all, previously identified
core Wnt pathway components. About half
of the identified genes had a gene ontology
annotation or recognizable predicted pro-
tein domain. The protein classes included
transcription factors, kinases and phos-
phatases, ubiquitin ligases and proteasome
components, heterotrimeric guanine

B +Wnt
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nucleotide—binding proteins, and mem-
brane proteins.

To characterize the genes further,
DasGupta et al. exploited established con-
sequences of gain- and loss-of-function
mutations in well-characterized Wnt path-
way components. For new genes whose
functions are required for Wg signaling, the
investigators determined where in the path-
way the genes had their effects, using a dou-
ble-stranded RNA (dsRNA) against each
gene in combination with an expression
construct that constitutively activates Wg
signaling at a selected downstream point
(for example, activation of LRP/Arr, Dsh,
or Arm, the fruit fly f-catenin homolog).
For genes that were apparent negative regu-
lators of Wg signaling, combinations of
dsRNAs were used. The results indicate that
nearly all genes identified in the screen
work upstream of 3-catenin and TCF. When
a primary screen identifies such a large
number of genes, secondary screens
become crucial in determining which genes
are likely to be most important. The authors
prioritized their list by examining the candi-
dates in other contexts. By screening other
Drosophila cell lines unrelated to the cell
line used in the primary screen, the authors
identified 140 candidates that affect Wg
signaling activity in multiple cell lines. One
such gene, encoding the endocytic traffick-
ing protein Rab5, also modulated Wg sig-
naling in wing imaginal discs.

Although the authors’ secondary assays
in Drosophila cell culture models offered
some support for the importance of many of
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Selected Wnt pathway components, the old and the new. (A) Regulation
of B-catenin (B-cat) in the absence of Wnits. Glycogen synthase kinase 3§
(GSK3p) works together with the Axin and APC tumor suppressor proteins
and perhaps other factors, such as casein kinase 1o (CK1c). This complex
phosphorylates (3-catenin at multiple serine and threonine residues in its
amino terminus. Phosphorylated f-catenin is ubiquitinated by cellular
[-transducin repeat-containing proteins (3TrCPs) and then degraded by the
265 proteasome. Thus, 3-catenin is no longer able to bind to TCF transcrip-
tion factors. The latter are free to interact with TLE (transducin-like
enhancer of split) proteins, resulting in transcriptional repression of target
genes. (B) Binding of activated Wnts to the Fz-LRP coreceptor inhibits the
GSK3p—Axin complex by uncertain mechanisms that may involve inhibition
of the complex by disheveled (Dvl) and LRP’s recruitment of Axin to the
plasma membrane. The net consequence is the stabilization of the “free”
pool of B-catenin, le